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Abstract 
Mild traumatic brain injury (mTBI) is a common public health issue. Contact-sport 
players are a population at particular risk of sustaining such an injury. The 
pathophysiology of an mTBI is largely reversible and most people recover fully from 
an mTBI within days to few months of the injury. However, a subgroup of patients 
report a persistent cluster of cognitive, affective, and somatic symptoms commonly 
known as postconcussion syndrome (PCS). There is long standing debate over the 
etiology of PCS, however, the accumulated scientific literature suggests that outcome 
from mTBI, including persistent symptom report, may be best understood using a 
biopsychosocial framework. This research program employed experimental and 
quasi-experimental approaches to understand a number of psychosocial factors that 
may influence persistent symptom report after mTBI. The aim of this research was to 
examine the nature of the psychosocial factors that influence the report of expected, 
current, and retrospectively reported (premorbid) symptoms. Four studies addressed 
this aim.  
Studies 1 and 2 of the research program investigated the variables that may influence 
expectations, a psychosocial factor known to influence the report of symptoms 
acutely, post acutely, and long after an mTBI. Study 1 investigated how the 
following variables influenced the report of injury perceptions and expected 
persistent symptoms after an mTBI: contact-sport participation, injury-cause (motor 
vehicle accident versus sport-related accident), and prior knowledge of mTBI 
injuries. This study found that there were differences in the ways that contact-sport 
players (n = 59) and non contact-sport players (n = 185) were influenced by the 
variables injury-cause and prior knowledge of mTBI. Specifically, non contact-sport 
players, but not contact-sport players, held significantly more negative injury 
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perceptions and expected more chronic PCS affective symptoms and PTSD 
symptoms from an MVA-related mTBI than a sport-related mTBI. Non contact-sport 
players who did not have prior knowledge of mTBI expected more chronic PCS 
symptoms than those who did have prior knowledge of mTBI, but no such 
differences were found for contact-sport players. Despite these differences, overall, 
contact-sport players and non contact-sport players did not hold significantly 
different injury perceptions and chronic symptom expectations of an mTBI sustained 
in either a sport or MVA-related accident. These results suggest that the variables 
that influence expectations may differ between participant types, and that for some 
individuals, personal knowledge of mTBI and injury-cause can account for some 
variability in expected outcome from mTBI. Study 2 investigated the influence of 
diagnostic terminology on 122 contact-sport players’ injury perceptions and 
expectations from a sport-related mTBI. The results from this study suggest that 
diagnostic terminology (i.e., concussion, n = 40; mTBI, n = 41; or no diagnostic 
terminology, n = 41) did not significantly influence injury perceptions or expected 
chronic symptoms of an mTBI.  
Studies 3 and 4 investigated the influence of assessment practices on symptom report 
after mTBI. Study 3 investigated the influence of injury screening (using the 
diagnosis threat experimental paradigm) on the report of current and retrospectively 
reported (premorbid) symptoms (i.e., the “good old days” bias). This study found 
that participants who were not primed to recall their mTBI history (via a subtle and 
indirect diagnosis threat activation cue; n = 19), reported significantly more 
symptoms than those participants who were primed (n =21). The results also revealed 
that diagnosis threat enhanced the “good old days” bias effect, such that only 
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participants who were primed to recall their mTBI history retrospectively reported 
experiencing fewer symptoms than the base rate of a control group (n =22). 
Finally, Study 4 investigated the influence of assessment method (spontaneous report 
versus checklist) on the report of symptoms after mTBI in a non-referred sample of 
individuals with a recent mTBI (between one to six months ago; n = 36) and control 
group (n = 36) matched on age, gender, and ethnicity. This study found that a greater 
number and severity of symptoms were elicited on a checklist compared to when 
symptoms were reported spontaneously, and that the type of symptoms reported 
differed by assessment method. Studies 3 and 4 highlighted the potent influence that 
assessment practices can have on symptom report after mTBI, to the extent that they 
could potentially influence clinical decisions and research outcomes. Overall, this 
research program suggests that the report of persistent symptoms after mTBI can be 
influenced by a range of psychosocial factors over and above the injury itself. 
Clinicians need to consider a range of possible causative factors for the persistent 
symptoms reported by their patients after mTBI.  
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“The later effects of head injury can only be properly understood in the light of a full 
psychiatric study of the individual patient, and in particular, his constitution. In other 
words, it is not only the kind of injury that matters, but the kind of head” 
 
                                                                  Sir Charles Symonds (1937) 
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Chapter 1:   Introduction 
The purpose of this chapter is to outline the research problem (section 1.1) 
and set the context of the research program by describing the epidemiology and 
impact of mTBI (section 1.2). Section 1.3 provides an overview of the background 
of the research problem, whilst section 1.4 outlines the conceptual framework used 
to explore the research problem. Section 1.5 describes the significance of the 
research program. Finally, the chapter concludes by explaining the structure of this 
thesis, which is formatted to meet the requirements of a Thesis by Published Papers 
(section 1.6).  
1.1 Research Problem 
 Most people who sustain a mild traumatic brain injury (mTBI) recover well 
(Carroll, Cassidy, Peloso, et al., 2004); however, some people continue to report 
experiencing a cluster of physical, affective, and cognitive symptoms that persist 
beyond the expected recovery period for this type of injury. This cluster of persistent 
symptoms after mTBI is most commonly known as postconcussion syndrome (PCS). 
Despite the plethora of research into poor outcome from mTBI, the clinical 
management of this injury remains challenging. The significant societal and personal 
implications of this problem necessitate research into the factors (particularly 
modifiable factors) that may improve outcomes for individuals who experience 
persistent problems following on from an mTBI.  
 Certain groups are at particular risk of sustaining an mTBI, such as contact-
sport players who have high exposure to head contact (Gardner, Iverson, & 
McCrory, 2013). Sport is a major cause of mTBIs (Langlois, Rutland-Brown, & 
Wald, 2006). Langlois and colleagues (2006) conservatively estimate that between 
1.6 and 3.8 million sport-related TBIs occur each year. The 2012 Zurich consensus 
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statement of concussion in sport suggests that persistent symptoms are reported in 
10-15% of patients and that when persistent symptoms are reported, alternative or 
co-existing pathologies should be explored (McCrory et al., 2013). Therefore, this 
program of research investigates a number of psychosocial factors that may 
influence the report of persistent PCS symptoms after mTBI, giving special 
consideration to the influence of such factors in contact-sport players.   
1.2 The Epidemiology and Impact of mTBI 
Traumatic brain injury (TBI) is a common public health issue that affects 
millions of people worldwide. According to the Centers for Disease Control and 
Prevention, in the United States alone, during the years 2002-2006 an average of 1.7 
million people sustained a TBI each year according to hospitalizations, Emergency 
Department visits, and deaths (Faul, Xu, Wald, & Coronado, 2010). This number is 
an underestimate given that these data do not include people who present for 
treatment at outpatient facilities or at general practitioners’ offices, military 
personnel who have sustained a TBI overseas, or individuals who do not seek formal 
medical attention (Coronado, McGuire, Faul, Sugerman, & Pearson, 2013). For 
example, it is suggested that an additional 200,000 TBIs occur in the United States 
per year that are not captured in these data because the injuries are treated in 
outpatient settings or in physicians’ offices (Finkelstein, Corso, & Miller, 2006).  
There is little epidemiological data from Australia, however, aggregate data 
compiled by Tagliaferri, Compagnone, Korsic, Servadei, and Kraus (2006) from 
three Australian studies (i.e., Badcock, 1988; Hillier, Hiller, & Metzer, 1997; Tate, 
McDonald, & Lulham, 1998) reports the incidence of TBI as 226 per 100,000, with 
76% of those injuries being of mild severity. This Australian data closely 
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approximates European data compiled from 23 studies with an estimated incidence 
rate of 235 per 100,000 (Tagliaferri et al., 2006).  
Data from epidemiological studies of TBI compiled by the World Health 
Organization’s (WHO) Collaborating Centre Task Force on mTBI suggest that the 
majority (between 70-90%) of TBIs that are sustained are of mild severity (Cassidy 
et al., 2004). As such, mTBIs are the most common form of neuropsychological 
injury (Iverson, Lange, Gaetz, & Zasler, 2007) and one of the most common forms 
of injury altogether (Bigler & Maxwell, 2012). The epidemiology and true impact of 
mTBI in particular is difficult to establish, but the WHO has estimated that the 
population-based incidence of mTBIs may well be over 600 cases per 100,000 
individuals globally (Cassidy et al., 2004).  
There is little consensus on the definition of mTBI (Iverson, Lange, Gaetz, & 
Zasler, 2013) and as many as 37 different definitions of mTBI have been used in 
various studies (Carroll, Cassidy, Holm, Kraus, & Coronado, 2004). The most 
commonly used definitions of mTBI use clinical signs and symptoms to classify the 
injury as distinct from moderate to severe traumatic brain injury (TBI). According to 
the WHO Collaborating Centre Task Force on Mild Traumatic Brain Injury (Carroll, 
Cassidy, Holm, et al., 2004), an mTBI encompasses a broad range of injury 
parameters that vary from any alteration of mental state or any period of loss of 
consciousness that does not exceed 30 minutes, or any loss of memory before or 
after the accident that does not exceed 24 hours. If assessed, an injury classified as 
mild will have a Glasgow Come Scale score of 13-15 after 30 minutes. These injury 
characteristics are caused by mechanical energy to the head from external forces and 
are not otherwise explained by other problems or injuries. 
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The causes of mTBI are diverse. According to hospital separation data 
gathered by the Australian Institute of Health and Welfare (Helps, Henley, & 
Harrison, 2008) sport is the most common activity engaged in at the time of injury. 
This study also showed that the mechanisms by which TBIs are most commonly 
sustained are in transportation related accidents, falls, and assaults. The Australian 
Institute of Health and Welfare data also show that males are significantly more 
likely to sustain a TBI than females, and TBIs are most commonly sustained in 
young adults followed by the elderly.  
The high incidence of mTBI represents a considerable global public health, 
economic, and social concern (Langlois et al., 2006). It is difficult to determine the 
extent of the societal financial burden of mTBI, but the lifetime financial costs of 
TBI in the United States are estimated to be between 76.5 billion (Finkelstein et al., 
2006 adjusted for inflation by Coronado et al., 2013) to 221 billion US dollars 
(Langlois Orman, Kraus, Zaloshnja, & Miller, 2011). It is estimated that 11.5-14.6 
billion dollars are from direct medical costs, whilst loss of productivity and loss of 
quality of life make up the remaining amount (Coronado et al., 2013). These costs do 
not take into consideration the loss of productivity associated with informal care 
given to individuals with a TBI or the lifetime costs associated with the military 
personnel who sustain a TBI (Coronado et al., 2013). Therefore, since mTBI 
comprise the majority of TBIs, the financial burden associated with this injury is 
substantial.  
The non-economic costs associated with TBI are also considerable. The 
occurrence of TBI and the chronic symptoms that may develop following it, is often 
referred to as a “silent epidemic” because many of the consequences of the injury are 
not outwardly visible or immediately apparent (Feinstein & Rapoport, 2000). An 
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mTBI can affect social and occupational functioning, and although the causative link 
between the actual injury and the chronic problems reported by individuals after 
mTBI is debated (Bender & Matusewicz, 2013), the financial, physical, and 
emotional consequences of an mTBI for an individual can be profound (Wagner, 
2007). Therefore, whilst the public health burden of mTBI is substantial, so too is the 
personal impact of mTBI and its indirect impact on families and other caregivers. 
Both the societal and personal implications of mTBI necessitate research into the 
factors that will improve the evaluation and management of individuals who sustain 
an mTBI.  
1.3 Research Background  
Several comprehensive reviews of the scientific literature conclude that the 
cognitive and neurobehavioral sequelae of mTBI are self-limiting (Carroll, Cassidy, 
Peloso, et al., 2004; Iverson, 2005; Iverson, Silverberg, Lange, & Zasler, 2013; 
McCrea, 2008; McCrea et al., 2009). The results of the WHO Collaborating Center 
Task Force on MTBI’s “best evidence synthesis”, suggests that most people have 
good recovery following uncomplicated mTBI (Carroll, Cassidy, Peloso, et al., 
2004).  
1.3.1 Neuropsychological recovery. Neuropsychological deficits from 
mTBI typically recover within a 10 days for athletes (Bleiberg et al., 2004; Lovell, 
Collins, Iverson, Johnston, & Bradley, 2004; Pellman, Lovell, Viano, Casson, & 
Tucker, 2004) and between one and three months for adult trauma patients (Gentilini 
et al., 1985; Levin et al., 1987; Ponsford et al., 2000). Meta-analytic reviews of 
neuropsychological outcome following mTBI have only found small effect sizes (d = 
-0.11.-0.04) overall for mTBI at three months postinjury (Belanger, Curtiss, Demery, 
Lebowitz, & Vanderploeg, 2005; Binder, Rohling, & Larrabee, 1997; Frencham, 
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Fox, & Maybery, 2005; Rohling et al., 2011; Schretlen & Shapiro, 2003). However, 
some authors have argued that because mTBI populations are heterogeneous, meta-
analytic methods may obscure effects (Bigler et al., 2013; Pertab, James, & Bigler, 
2009). 
1.3.2 Symptom recovery. Symptoms in athletes begin to recover within 
hours of the injury and continue to gradually resolve until there are no significant 
differences in symptoms between players with mTBI and controls at one week 
postinjury (McCrea et al., 2003). The findings on symptom recovery in other adult 
populations are mixed; some studies suggest that symptoms resolve within three 
weeks (Lowdon, Briggs, & Cockin, 1989), whereas others suggest that three months 
is required (Meares et al., 2011; Paniak, Toller-Lobe, Melnyk, & Nagy, 2000). At 
one year postinjury, only a small percentage of people with uncomplicated mTBI 
remained symptomatic (Alves, Macciocchi, & Barth, 1993). Overall, the evidence on 
recovery from mTBI suggests that for most individuals, prognosis after mTBI is 
favorable (McCrea et al., 2009). 
1.3.3 Protracted recovery. Despite the expectation for good recovery, not 
all individuals who sustain an mTBI return to their premorbid level of functioning. 
These individuals are sometimes referred to as the ‘miserable minority’ (Ruff, 
Camenzuli, & Mueller, 1996). Patients who continue to report chronic health 
complaints beyond the expected recovery period are conceptualized as having poor 
outcome. Poor outcome from mTBI is characterized by persistent symptoms in a 
number of domains, including somatic (e.g., dizziness and nausea), affective (e.g., 
irritability and anxiety), and cognitive (e.g., memory and concentration difficulties) 
domains.  
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This constellation of symptoms is often referred to as PCS. PCS can be 
diagnosed using research criteria from the two major diagnosis classification 
systems: Postconcussional Syndrome in the International Classification of Diseases 
10th edition (ICD-10; World Health Organization, 2010, see Table 1.1) and 
Postconcussional Disorder in the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV; American Psychiatric Association, 1994, see 
Table 1.2).  
 
  Table 1.1  
Table 1.1 ICD-10 Diagnostic Criteria for Postconcussional Syndrome 
Category Diagnostic Criteria 
 
History  A. History of head trauma with loss of consciousness 
preceded symptom onset by minimum of four weeks 
 
Symptom Criteria 
 
B. Symptoms in three or more of the following 
symptom categories:  
 Headache, dizziness, malaise, fatigue, noise 
tolerance 
 Irritability, depression, anxiety, emotional 
lability 
 Subjective concentration, memory, or 
intellectual difficulties without 
neuropsychological evidence of marked 
impairment 
 Insomnia 
 Reduced alcohol tolerance 
 Preoccupation with above symptoms and fear 
of brain damage with hypochondriacal concern 
and adoption of sick role 
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  Table 1.2 
Table 1.2 DSM-IV Research Criteria for Postconcussional Disorder  
Category Diagnostic Criteria 
 
History A. A history of head trauma that has caused significant 
cerebral concussions. Note: the manifestations of 
concussion include loss of consciousness, posttraumatic 
amnesia, and, less, commonly, posttraumatic onset of 
seizure 
 
Objective evidence 
 
B. Evidence from neuropsychological testing or quantified 
cognitive assessment of difficulty in attention 
(concentrating, shifting focus of attention, performing 
simultaneous cognitive tasks) or memory (learning or recall 
of information).  
 
Symptom criteria 
 
C. Three (or more) of the following occur shortly after the 
trauma and last at least three months: 
1. Becoming fatigued easily 
2. Disordered sleep 
3. Headache 
4. Vertigo or dizziness 
5. Irritability of aggression on little or no provocation 
6. Anxiety, depression, or affective instability 
7. Changes in personality (e.g., social or sexual 
inappropriateness) 
8. Apathy of lack of spontaneity 
 
Symptom change 
 
C. The symptoms in criteria B and C have their onset 
following head trauma or else represent a substantial 
worsening of preexisting symptoms.  
 
Level of impairment 
 
D. The disturbance causes significant impairment in social 
or occupational functioning and represents a significant 
decline from a previous level of functioning. In school-age 
children, the impairment may be manifested by a significant 
worsening in school or academic performance dating from 
the trauma.  
 
Differential Diagnosis 
 
E. The symptoms do not meet criteria for Dementia Due to 
Head Trauma and are not better accounted for by another 
mental disorder (e.g., Amnestic Disorder Due to Head 
Trauma, Personality Change Due to Head Trauma).  
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The debate surrounding the conceptualization of PCS as a disorder is 
highlighted by the fact that the DSM-IV lists PCS under its ‘criteria sets and axes 
provided for further study’ (American Psychiatric Association, 1994) and the ICD-
10 lists the nosological status of PCS as uncertain (World Health Organization, 
2010). The diagnostic criteria are also substantially different from one another, as 
shown in Table 1.3. Whilst both classifications agree on a similar set of symptom 
features, the threshold for meeting DSM-IV criteria is substantially higher than the 
ICD-10, predominantly because of the requirement for objective evidence of 
cognitive impairment on neuropsychological testing and the requirement for 
impairment in social or occupational functioning. Consequently, because of the more 
liberal guidelines for the ICD-10 criteria, significantly more patients satisfy its 
diagnostic criteria than the DSM-IV (Boake et al., 2004; Boake et al., 2005). For 
example, when both guidelines were applied to a sample of 178 mTBI and moderate 
TBI patients, 11% qualified for a diagnosis of PCS under the DSM-IV criteria, 
whereas 64% of patients met the ICD-10 criteria (Boake et al., 2005).  
The DSM-IV research criteria for Postconcussional disorder has been 
removed from the most recent edition, the DSM-5 (American Psychiatric 
Association, 2013). However, even before the publication of the DSM-5, McCrea 
(2008) speculated that diagnostically, PCS better reflected criteria for somatoform 
disorders. Under the current DSM-5, PCS may suit the diagnostic categories of 
somatoform disorder or mild neurocognitive disorder (American Psychiatric 
Association, 2013). To date there have been relatively few publications that have 
addressed this change to the DSM-5 (for an exception see Simpson, 2014). It is 
possible that the removal of postconcussional disorder from the DSM-5 will not 
affect the patient experience, and persistent symptoms will still occur after mTBI for 
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some patients.  The value of continued research efforts to understand this experience 
may not be affected by this DSM-5 change. Furthermore, the status of PCS as a 
research diagnostic entity is still recognized in the ICD-10, which is the preferred 
diagnostic criteria for PCS by Board Certified clinical neuropsychologists in the 
United States (Rogers, Evans, Roberts, Cuc, & Mittenberg, 2014).       
 
  Table 1.3 
Table 1.3 Summary of Key Differences between Diagnostic Criteria Sets 
 
Feature 
ICD-10 Criteria for 
Postconcussional Syndrome 
 
DSM-IV Criteria for 
Postconcussional Disorder 
 
Loss of consciousness 
required 
Yes No 
Minimum symptom 
presence 
1 month 3 months 
Objective evidence of 
cognitive impairment 
No Yes 
Evidence of change from 
premorbid functional 
status 
No Yes 
Evidence of Impairment No Yes 
Hypochondriacal 
preoccupation 
Yes No 
 
Making a diagnosis of PCS is difficult. The ICD-10 diagnostic criteria rely 
solely on the presence of self-reported symptoms. However, the symptoms that are 
identified as part of the syndrome are nonspecific, and as such should not be 
considered diagnostic of mTBI neuropathology or PCS (Larrabee, Binder, Rohling, 
& Ploetz, 2013). High rates of PCS symptoms are found in a range of other clinical 
and nonclinical populations. PCS symptoms are commonly found in non-head-
injured clinical populations, such as patients with chronic pain (Gasquoine, 2000; 
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Iverson, King, Scott, & Adams, 2001; Iverson & McCracken, 1997; Smith-
Seemiller, Fow, Kant, & Franzen, 2003), chronic fatigue syndrome (Wearden & 
Appleby, 1996), depression (Iverson, 2006b; Iverson, Zasler, & Lange, 2007), 
fibromyalgia (Iverson, Zasler, et al., 2007) patients with posttraumatic stress disorder 
(PTSD; Bryant & Harvey, 1999b; Foa, Cashman, Jaycox, & Perry, 1997; Harvey, 
Brewin, Jones, & Kopelman, 2003) individuals receiving psychological treatment 
(Fox, Lees-haley, Earnest, & Dolezal-Wood, 1995), personal injury claimants 
(Dunn, Lees‐Haley, Brown, Williams, & English, 1995; Lees-Haley, Fox, & 
Courtney, 2001), and also in healthy individuals (Edmed & Sullivan, 2012a; Natalie 
Garden & Sullivan, 2010; Gouvier, Uddo-Crane, & Brown, 1988; Iverson & Lange, 
2003; Sawchyn, Brulot, & Strauss, 2000; Trahan, Ross, & Trahan, 2001; Wong, 
Regennitter, & Barrios, 1994). The nonspecificity of PCS symptoms makes 
differential diagnosis difficult and can lead to misdiagnosis. Overall, the body of 
literature that demonstrates that PCS symptoms are found in other populations 
suggests that it is important to consider how factors unrelated to the traumatically 
induced physiological disruption of brain function might be implicated in the report 
of persistent symptoms after an mTBI.  
  1.3.4 Prevalence of poor outcome from mTBI. As briefly discussed in 
Section 1.2, an mTBI generally does not result in permanent difficulties (Carroll, 
Cassidy, Peloso, et al., 2004; McCrea et al., 2009). A number of studies have 
reported the proportion of their sample that met their criteria for PCS. These rates 
vary widely between 4.6% (Rutherford, Merrett, & McDonald, 1979) to 100% 
(Lange, Iverson, & Rose, 2011). However, it is difficult to establish the true 
prevalence of PCS based on these studies because of a) the variable 
inclusion/exclusion criteria; b) variable definitions of mTBI; c) the variable 
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definitions of PCS (e.g., DSM-IV vs. ICD-10] and the poor reliability of these 
diagnostic criteria, d) different recruitment settings (i.e., whether recruitment is 
from: hospital admissions, emergency department assessment, outpatient clinics, or 
the community), e) the time since injury that data were collected (e.g., one month, 
three months, 12 months), and, f) the unrepresentativeness of the samples.  
The estimates of prospective studies are likely inflated given that 
approximately 25% of individuals do not seek medical attention and a further 15% 
are seen in general practitioner settings or clinics (Sosin, Sniezek, & Thurman, 
1996). Therefore, a substantial proportion of people who sustain an mTBI are not 
captured at typical study recruitment sites (Iverson, Silverberg, et al., 2013). The 
typically high percentage of samples that are classified as having PCS in such studies 
(e.g., Dischinger, Ryb, Kufera, & Auman, 2009; Kashluba, Casey, & Paniak, 2006) 
more likely reflect a selection bias because hospital or outpatient settings are not 
representative of the total population of people who sustain an mTBI. It is now 
suggested that a more accurate estimate of the incidence of PCS would be below 5% 
of all people with an mTBI (Iverson, 2005; Iverson, Silverberg, et al., 2013; McCrea, 
2008). A prospective study by Meares and colleagues (2011) found that a high 
percentage of their mTBI sample (46.8%) would be classified as having PCS, but 
when that figure was considered alongside the percentage of the trauma control 
group (48.3%) who would have met PCS criteria had they had a history of mTBI, the 
results suggest that there was no association of PCS with mTBI in trauma patients.  
Therefore, the estimates from the prospective studies may be misleading if it is 
assumed that the reported persistent symptoms are due to the biological effect of the 
injury when the symptoms may in fact be unrelated to the initial injury (Iverson, 
Zasler, et al., 2007). 
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1.3.5 Etiology. The etiology of PCS is much debated. Despite being subject 
to intense research, PCS is one of the most controversial issues in clinical 
neuropsychology (Bigler, 2008). This controversy is mainly due to the vigorously 
debated physiological and psychological etiological theories of the condition. 
Historically, the debate focused on whether organic or psychological factors best 
account for the persistent PCS symptoms reported by individuals who have sustained 
an mTBI. However, it is increasingly being accepted that both physiological and 
psychological factors influence PCS (Iverson, Silverberg, et al., 2013; Jacobson, 
1995; Wood, 2004); although many of the factors that influence PCS remain poorly 
understood. Research aimed at understanding the factors that can influence the report 
of persistent PCS symptoms is needed to facilitate management of individuals with 
an mTBI.  
1.4 Conceptual Framework of the Thesis 
The previously polarized physiological/psychological etiological debate has 
recently given way to the perspective that both physiological and psychosocial 
factors are likely to influence the manifestation of persistent PCS symptoms. 
Iverson, Silverberg, et al. (2013) propose that a biopsychosocial perspective can best 
account for poor outcome from mTBI. Although there are other explanations of 
mTBI outcome, this thesis used Iverson, Silverberg, and colleagues’ model of 
outcome from mTBI presented in Figure 1.1. This conceptualization was used 
because it acknowledges that the influences on outcome from mTBI are 
multifactorial and temporally dynamic and, for the most part, the elements are 
empirically based.  
This program of research focused on the psychosocial factors identified in the 
conceptualization that influence persistent symptom report after an mTBI. A 
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psychosocial focus was taken because such factors may be amenable to intervention. 
Specifically, this research program examined whether so called “non-injury” factors 
(i.e., factors unrelated to the traumatically induced physiological disruption of brain 
function) influence expectations, and whether assessment practices influence 
symptom report directly and/or indirectly via iatrogenesis, diagnosis threat, and the 
“good old days” bias. 
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Figure 1.1 A biopsychosocial conceptualization of outcome from mild traumatic brain injury. Adapted from “Conceptualizing outcome from mild traumatic brain injury” by 
G. L. Iverson, N. Silverberg, R. Lange, & N. Zasler, 2007. In N. Zasler, D. Katz, and R. Zafonte (Eds.), Brain injury medicine: Principles and practice (p. 473). Copyright 
2013 by Demos Medical Publishing. Bolding indicates factors examined in this research program.  
Biopsychosocial 
Vulnerability 
 
Biopsychosocial 
Resilience/Hardiness 
 
Personality 
Characteristics 
or Disorders 
Substance Abuse 
 
Pre-Existing Mental 
Health Problems 
 
Prior Brain Injuries 
 
Prior Medical or  
Neurological 
Problems 
Post-Concussion-Like 
Symptoms and 
Functional Problems 
Anxiety Sensitivity 
Neuroticism 
Alexithymia 
Perfectionism 
Egocentrism 
Type D Personality 
Disagreeableness 
Unconscientiousness 
 
Narcissistic 
Dependent 
Histrionic 
Passive-Aggressive 
Physical or  
    Sexual Abuse 
ADHD 
Learning Disability 
Chronic Pain 
Migraines  
Chronic Life Stress 
Genetics Relating to  
    Injury Vulnerability 
 
Depression 
Anxiety 
Traumatic Stress 
Genetic Vulnerability 
Macroscopic or 
Microstructural 
Brain Injury  
Altered  
Neurotransmitter 
Systems 
Maladaptive Coping 
Catastrophizing 
Expectations &  
Good-Old-Days Bias 
Nocebo Effect & Diagnosis 
Threat 
Cognitive Hypochondriasis & 
Preoccupation 
Lifestyle & Family Dynamic 
Changes 
Reinforced Illness Behavior 
Anger/Bitterness 
Perceived Injustice 
Justification/Entitlement 
Iatrogenesis 
Litigation Stress 
 
Neurocognitive or  
Neurobehavioral  
Problems 
Mental Health 
Problems 
 
Sleep Disturbance/ 
Insomnia 
 
Social Psychological 
Factors 
 
Vestibular Injury 
and/or Tinnitus 
 
Depression 
 
Chronic Pain 
 
Anxiety/Stress/Worry 
 
Acute Traumatic  
Stress/PTSD 
 
Pre-Injury Factors 
 
PERSISTENT SYMPTOM REPORT AFTER MTBI                 16  
 
1.5 Significance of the Research 
Given the incidence of mTBI and its potential damaging social and personal 
consequences, particularly if recovery is protracted, a better understanding of the 
factors that influence outcome from the injury is needed. There is significant 
international interest in the question of how to prevent poor outcome from mTBI, as 
evidenced by the publication of several relevant systematic reviews in leading 
journals (Al Sayegh, Sandford, & Carson, 2010; Comper, Bisschop, Carnide, & 
Tricco, 2005). These reviews show that existing interventions have had limited 
success, most likely because the fundamental empirical work has yet to be done. For 
example, whilst it is known that expectations can influence outcome from mTBI 
(Hou et al., 2012; Whittaker, Kemp, & House, 2007), it is not known what factors 
influence patients’ expectations. This research program is needed to help make sense 
of some of the modifiable psychosocial factors that influence persistent symptom 
report after mTBI. This is a critical and much needed step that will advance the 
understanding of this condition. The results from this program of research may be 
used to inform assessment practices and help target preventative measures.  
1.6 Overview of the Thesis Structure 
 This PhD was prepared for submission according to Queensland University 
of Technology’s PhD Thesis by Published Papers Guidelines (see Appendix A). The 
thesis is comprised of eight chapters. Chapter 1 provides a detailed introduction to 
the impact of mTBI and the significance of the research program. Chapter 2 sets the 
context of the thesis by providing a critical review of the literature. Chapter 3 
introduces the research program and outlines the contribution of each paper to the 
overall thesis aims. Chapters 4 through 7 present the papers that have been accepted 
or submitted for publication. Finally, Chapter 8 provides a general discussion of the 
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results from the research program, discusses the practical and theoretical 
implications of the findings, and details the strengths, limitations, and directions for 
future research.  
1.7 Chapter Summary 
 This chapter has identified that mTBI is a common and costly injury. The 
subgroup of people with an mTBI who do not fully recover represent a significant 
public health problem because of the high health care utilization rates and disability 
in this group. As can be seen from this introductory overview, the conceptualization 
of persistent symptoms after an mTBI as PCS is controversial. The nonspecific 
symptoms that comprise a major component of the disorder make differential 
diagnosis difficult. Evaluating symptoms after mTBI is further complicated because 
the variables that influence symptom report are multifactorial. Understanding the 
factors that influence persistent symptom report is needed to improve the evaluation 
and management of people with poor outcome after an mTBI. The next chapter of 
this thesis provides a critical overview of the literature that relates to the 
biopsychosocial factors that influence symptom-report acutely, post-acutely, and 
long after an mTBI, with a particular focus on the variables examined in the research 
program.  
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Chapter 2:  Literature Review 
Chapter 1 introduced the substantial public health issue that mTBI represents 
and the atypical recovery profile that some individuals experience. The purpose of 
this chapter is to review the evidence that a range of biopsychosocial factors can 
influence poor outcome from mTBI.  
2.1 Biomechanics and Pathophysiology of mTBI 
Given that the influences on mTBI outcome are multifactorial, it is important 
to understand the basic science underlying the injury event and the acute period of an 
mTBI. Clarifying the biomechanics and pathophysiology of mTBI provides 
important information to contextualize the persistent symptom report of patients 
after mTBI.  
MTBI is produced by acceleration and deceleration forces to the brain from 
biomechanical forces of an impact directly to the head or indirectly through the body 
(McCrory et al., 2013). The minimum biomechanical force required to induce brain 
damage has been investigated in animal models of TBI (Ommaya & Gennarelli, 
1974) and in sport concussion research using a helmet based accelerometer system 
(i.e., Head Impact Telemetry System; Brolinson et al., 2006; Eckner, Sabin, Kutcher, 
& Broglio, 2011; Pellman, Viano, Tucker, Casson, & Waeckerle, 2003; Zhang, 
Yang, & King, 2004). These studies have proved useful in determining the 
biomechanical impact necessary to sustain an mTBI. In a review of studies using the 
Head Impact Telemetry System, McCrea (2008) suggested that a minimum threshold 
of 80-100g translation acceleration was sufficient force to cause an mTBI. By way of 
comparison, the average head impact that does not result in a concussion in 
American collegiate football is 32g േ25g (Duma et al., 2005). 
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For most mTBI cases, particularly those injuries that fall on the milder end of 
the mTBI spectrum, there is little evidence of permanent cell loss (Iverson, 2006a). 
The pathophysiology for most cases of mTBI is said to result in the temporary 
disruption of neurons, rather than cell death (McCrea et al., 2009). A model of the 
neurometabolic cascade associated with mTBI is described by Giza and Hovada 
(2001). This model reveals the cellular and vascular changes that occur after mTBI, 
and shows that for the majority of cells, the trauma is largely reversible (Iverson, 
2006a; Iverson, Lange, et al., 2013).  
2.1.1 Detection of abnormalities on neuroimaging. Some authors suggest 
that concussion, the term used in sports medicine, is a subset of mTBI that sits on the 
milder end of the mTBI spectrum that cannot be visualized by CT or MRI (note, the 
use of these terms is confused and debated in the literature, see section 2.8). On the 
other end of the spectrum, some mTBIs can be associated with micro hemorrhages, 
contusion, or edema (Bigler & Maxwell, 2012). Some researchers treat such injuries 
as a different subset to mTBI, referring to them as “complicated mTBI” (e.g., 
Williams, Levin, & Eisenberg, 1990), whereas others suggest that these injuries are 
more similar to “moderate” TBIs, or do not differentiate between complicated and 
uncomplicated mTBI at all (Iverson, 2005). These so called “complicated mTBIs” 
occur in a minority of cases  (< 30%) and are not representative of all mTBIs that are 
sustained (Borg et al., 2004).  
The association between mTBI and structural damage to the brain as 
evidenced by conventional CT and MRI imaging is minimal (George et al., 2014). 
MTBIs that involve visible abnormalities on CTs are typically observed in a small 
minority of patients, but substantial variability has been observed in different 
cohorts. An overview of the literature compiled by Iverson, Lange and colleagues 
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(2013) suggests that between 5% (Ono, Wada, Takahara, & Shirotani, 2007) and 
40% (Thiruppathy & Muthukumar, 2004) of patients have abnormal findings on CT 
imaging during the acute injury stage. Higher detection of abnormality is found in 
cohorts with GCS scores of 13 or 14 compared to 15 (Borg et al., 2004). However, 
differences in abnormality rates may reflect differential use of imaging at 
recruitment sites or different technologies. CT imaging may also underestimate 
abnormalities after mTBI; for example, patients with normal imaging on CT scans 
have been shown to have abnormalities on MRI (Mittl et al., 1994; Yokota, 
Kurokawa, Otsuka, Kobayashi, & Nakazawa, 1991)  
Findings on the relationship between imaging abnormalities and persistent 
symptoms are mixed. An overrepresentation of imaging abnormalities have been 
found in some studies investigating patients with persistent PCS symptoms (e.g., 
Datta, Pillai, Rao, Kovoor, & Chandramouli, 2009; Niogi et al., 2008). Other studies 
have found evidence for an association between focal brain lesions and poor 
cognitive outcome after mild closed head injury (Williams et al., 1990). However, 
chronic cognitive complaints were not associated with abnormalities on fMRI 
(Perlstein et al., 2004). Although some individuals who report poor outcome from 
mTBI may have abnormalities on imaging, how that pathology relates to persistent 
symptoms is unclear. 
An mTBI may produce an inflammatory response to the injury and it is 
speculated to play a role in poor outcome from mTBI (Whitney, Eidem, Peng, 
Huang, & Zheng, 2009). The biochemical marker S-100B has been researched as a 
diagnostic and prognosis measure. S-100B is a neuronal protein that may provide a 
marker of neuronal damage in mTBI (Biberthaler et al., 2001). S-100B levels are 
more concentrated in people with an mTBI than controls (Biberthaler et al., 2001), 
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and can predict long-term neuropsychological difficulties in some (e.g., Herrmann et 
al., 2001), but not all studies (e.g., Stapert et al., 2004). The pursuit of sensitive 
biomarkers for mTBI is ongoing (see Bigler, 2013, for a recent overview).  
2.2 Injury-Related Predictors 
Despite the generally positive expectations for recovery, patients who have 
sustained an mTBI can have markedly different outcomes. These different outcomes 
may occur because people with a history of mTBI are a heterogeneous group. As 
discussed in Chapter 1 the definition of mTBI encompasses a broad range of acute 
injury parameters. For example, injuries can range from the very mild (e.g., 
concussion with no loss of consciousness and brief posttraumatic amnesia) to the 
more upper limits of the mild spectrum (i.e., 30 minutes loss of consciousness and 24 
hours posttraumatic amnesia). Further, an injury with or without detectable brain 
abnormalities (e.g., hemorrhages, contusion or edema) can be classified as an mTBI.  
 Although studies have generally found no association between loss of 
consciousness and cognitive outcome for mTBI (e.g., Iverson, Lovell, & Smith, 
2000; Lovell, Iverson, Collins, McKeag, & Maroon, 1999), the literature on the 
effect of posttraumatic amnesia from mTBI is mixed. For example, one study found 
an association between duration of posttraumatic amnesia and outcome (i.e., 
symptom complaints and return to work rates) at one year (Van der Naalt, Van 
Zomeren, Sluiter, & Minderhoud, 1999), however, another study found that there 
was little evidence of such an association at three months post-mTBI (Ponsford et 
al., 2000). Therefore, there are conflicting results regarding the relationship between 
acute injury severity markers and outcome from mTBI.   
Unlike moderate-to-severe TBI, where injury severity parameters are strong 
predictors of functional impairment and outcome measures are reliably distinct from 
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control groups (Dikmen, Machamer, Winn, & Temkin, 1995), research suggests that 
differences in patient outcomes from mTBI are influenced by multiple 
biopsychosocial factors (Iverson, Silverberg, et al., 2013). These factors are not yet 
fully understood and make accurate longer term prognostication of mTBI outcome 
difficult (Wagner, 2007).  
2.3 History of the Biopsychosocial Conceptual Model of Outcome From mTBI 
When this research program was first conceptualized, the existing model of 
poor outcome from mTBI (see Figure 2.1) identified a range of factors as potentially 
influencing symptom report acutely, post-acutely, and long after an mTBI (Iverson, 
Zasler, et al., 2007). The factors identified in the model could largely be classified 
into the following categories: physiological (structural brain damage and 
functional/neurometabolic factors) premorbid/comorbid conditions (depression, 
chronic pain, chronic headaches, anxiety/stress/somatic preoccupation, and 
medication side effects), motivational (reinforced behavior, exaggeration, and 
malingering), and psychosocial (“good old days” bias, expectations and 
misattribution, nocebo effect and diagnosis threat, and iatrogenesis). This research 
program was designed to investigate the psychosocial factors identified in the model. 
The updated chapter from the second edition of this book in 2013 expanded upon the 
2007 model (see Figure 1.1). The updated model was conceptualized as a 
biopsychosocial model and it identified many factors that may influence poor 
outcome from mTBI. The next section of this chapter provides an overview of these 
factors, but with a specific emphasis on the factors originally identified in the 2007 
model that is depicted in figure 2.1.  
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Figure 2.1 Possible factors influencing symptom reporting acutely, post-acutely, and 
long after a mild traumatic brain injury. Adapted from “Post-concussive disorder” by 
G. L. Iverson, N. Zasler, and R. Lange, 2007. In N. Zasler, D. Katz, and R. Zafonte 
(Eds.), Brain injury medicine: Principles and practice (p. 394). Copyright 2007 by 
Demos Medical Publishing.  
 
2.4 Preinjury Factors  
2.4.1 Personality. Although not specified in the 2007 model (Iverson, Zasler, 
et al., 2007), personality has long received research attention for its role in the 
development of poor outcome from mTBI (Kay, Newman, Cavallo, Ezrachi, & 
Resnick, 1992). Premorbid personality characteristics or disorders are now identified 
in Iverson, Silverberg and colleagues’ (2013) model as a preinjury factor that can 
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contribute to differential recovery after mTBI. Personality characteristics have been 
shown to be associated with PCS symptom report in nonclinical samples (Garden, 
Sullivan, & Lange, 2010), and Axis II psychopathology has been found to be 
overrepresented in people with PCS (Evered, Ruff, Baldo, & Isomura, 2003). Kay 
and colleagues (1992) suggest that personality may influence functional outcome in 
three ways: First, because of the differences in response styles to acute symptoms 
(e.g., magnification versus minimization of symptoms); second, because certain 
personality traits (e.g., insecurity, dependency) are vulnerable to a dysfunctional 
response postinjury; and third, because some individuals respond ‘catastrophically’ 
to the emotional aspects of the injury because of preexisting biopsychosocial 
vulnerability (e.g., from adverse events during childhood).  
2.4.2 Biopsychosocial resilience. The influence of resilience on recovery 
and persistent symptom report after mTBI is a growing area of research (Godwin & 
Kreutzer, 2013; McCauley, Boake, Levin, Contant, & Song, 2001; McCauley et al., 
2013). Resilience is conceptualized as a preinjury biopsychosocial variable in 
Iverson, Silverberg and colleagues’ (2013) model of mTBI outcome, where it is 
grouped with hardiness, a related but distinct construct (Sullivan, Edmed, Allan, 
Smith, & Karlsson, Submitted). Biopsychosocial resilience, as defined by Iverson, 
Silverberg and colleagues (2013, p. 474) is “comprised of a diverse set of biological, 
psychological, and social factors that confer some degree of protection from physical 
and mental health problems”. This definition recognizes that cognitive reserve may 
be a resilience factor against poor outcome, a relationship that has been observed in 
more severe TBIs (Kesler, Adams, Blasey, & Bigler, 2003; Salmond, Menon, 
Chatfield, Pickard, & Sahakian, 2006) and as a moderator of PCS symptoms in 
pediatric mTBI (Fay et al., 2010).  
PERSISTENT SYMPTOM REPORT AFTER MTBI                 25  
 
 However, resilience can also be viewed from a psychological perspective, 
which Iverson, Silverberg and colleagues (2013, p. 474) define as “an intrinsic 
characteristic underlying a person’s ability to successfully adapt to acute stress and 
more chronic forms of adversity”. In a recent study, lower psychological resilience 
(measured one to six months postinjury) was found to be a strong predictor of worse 
PCS symptom report in a group of people with a post-acute mTBI and non-mTBI 
controls (Sullivan et al., Submitted).  
 2.4.3 Prior brain injuries. McCrory and colleagues (2013) suggests that 
previous mTBIs may be associated with prolonged recovery and greater likelihood 
of complications. The sport-concussion literature provides valuable insight into the 
effects of prior brain injuries on outcome from mTBI, as athletes who sustained one 
mTBI are at greater risk of sustaining others (Delaney, Lacroix, Leclerc, & Johnston, 
2000; Gerberich, Priest, Boen, Straub, & Maxwell, 1983; Guskiewicz et al., 2003). 
Previous research has found that a history of three of more concussions is associated 
with greater subjective symptom report in the acute (Iverson, Gaetz, Lovell, & 
Collins, 2004) and in the chronic postinjury phase (Gaetz, Goodman, & Weinberg, 
2000; Thornton, Cox, Whitfield, & Fouladi, 2008). However, studies examining 
neuropsychological outcome have found mixed results. Whilst some studies have 
found a positive association between the number of concussion and worse cognitive 
performance (Stephens, Rutherford, Potter, & Fernie, 2010; Thornton et al., 2008), 
other studies have not found such an association with players with a history of one or 
two previous concussions (Iverson, Brooks, Lovell, & Collins, 2006). The literature 
on the effect of mulitple concussions is mixed and study methodologies vary 
substantially. The differences in study findings may have been due to the use of 
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measures in some studies that were not sensitive to detect an effect (Iverson et al., 
2006).  
 The long term effects of multiple subconcussive hits has received 
considerable media attention (Michael, 2013; Partridge & Hall, 2013). The broader 
literature concerning the influence of multiple subconcussive blows to the head is 
burgeoning. A consequence of repetitive mTBI is thought to be chronic traumatic 
encephalopathy (CTE). Modern conceptualizations of CTE describe a 
neurodegenerative disease characterized by chronic cognitive (e.g., attention and 
memory) neuropsychiatric (e.g., depression), behavioral (e.g., impulsivity and 
aggression), and motor symptoms that are accompanied by a distinct neuropathology 
(Baugh, Robbins, Stern, & McKee, 2014; Gardner et al., 2013). Studies in this area 
are limited, and currently there is no definitional consensus or operational criteria for 
CTE (Gardner et al., 2013). However, CTE is a distinct condition from PCS (Baugh 
et al., 2014); therefore, a review of the studies that relate to CTE is beyond the scope 
of this thesis (see Gardner et al., 2013, for a systematic review).  
2.5 Premorbid and Comorbid Conditions 
 As discussed in Chapter 1, PCS symptoms are commonly reported in other 
non-mTBI patient and non-patient samples, for example in persons with chronic pain 
(Iverson & McCracken, 1997; Smith-Seemiller et al., 2003), in persons receiving 
psychological treatment (Fox et al., 1995; Iverson, 2006b), and the general 
population (Edmed & Sullivan, 2012a; Iverson & Lange, 2003). That PCS symptoms 
overlap with symptoms characteristic of other disorders (e.g., chronic pain, 
depression, and anxiety) suggests that the comorbidity or the premorbid presence of 
such disorders may influence persistent PCS symptom report, or even account 
entirely for it (Iverson, Silverberg, et al., 2013). The premorbid and comorbid 
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conditions identified in the model are diverse, and include factors such as substance 
abuse (Carlson et al., 2010; Corrigan, 1995; Corrigan, Adams, & Larson, 2013; Rona 
et al., 2012), chronic pain and chronic headaches/migraines (Uomoto & Esselman, 
1993), and sleep disturbance/insomnia (Mathias & Alvaro, 2012). 
Further complicating matters, some conditions, including depression, anxiety, 
and stress, may influence the course of recovery following mTBI, or they may 
emerge as a result of it. For example, it has been shown that a TBI increases the risk 
of patients developing depression (Kreutzer, Seel, & Gourley, 2001; Seel et al., 
2003). For this reason, in the updated biopsychosocial model of mTBI outcome, a 
number of conditions are positioned as both preinjury and peri/post injury factors in 
the model (i.e., traumatic stress, Anxiety, Depression, Chronic Pain).  
The section below details the influence of preexisting and comorbid mental 
health problems (i.e., depression, anxiety and PTSD). The presence of premorbid 
and comorbid psychiatric disorders is said to be one of the major predictors of 
outcome following mTBI (Mooney & Speed, 2001). 
2.5.1 Depression. Depression has been associated with increased symptom 
reporting in mTBI (Lange et al., 2011; Suhr & Gunstad, 2002b) and non-mTBI 
samples (Edmed & Sullivan, 2012b; Natalie Garden & Sullivan, 2010; Iverson, 
2006b). The relationship between depression and PCS symptom reporting has been 
extensively researched, and the finding that patients with depression report more 
PCS symptoms, regardless of their mTBI history, is robust. For example, Iverson 
(2006b) found that 90% of patients with depression would have met the ICD-10 
symptom criteria for PCS if they had a history of mTBI. In another study, Garden 
and Sullivan (2010) found that nonclinical participants with depression (as measured 
by the Beck Depression Inventory II) reported significantly more PCS symptoms 
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than participants without depression. Iverson, Zasler, and colleagues (2007) suggest 
that depression is a challenging differential diagnosis for PCS, but that it may also 
form the predominant etiology of PCS for some individuals.  
2.5.2 Anxiety and stress. Anxiety disorders that develop after an mTBI are 
quite common, with one study reporting that 24% of participants developed the 
disorder post mTBI (Moore, Terryberry-Spohr, & Hope, 2006). Similar to 
depression, research has typically revealed that higher levels of anxiety (or anxiety 
symptoms) are associated with the report of more PCS symptoms (Trahan et al., 
2001). In the biopsychosocial model, anxiety is grouped with stress and worry 
(Iverson, Silverberg, et al., 2013). Daily stress and perceived stress have been found 
to covary with daily changes in PCS symptom report (Gouvier, Cubic, Jones, 
Brantley, & Cutlip, 1992; Machulda, Bergquist, Ito, & Chew, 1998). Experimentally 
induced stress conditions have also been used to demonstrate the relationship 
between stress and increased PCS symptom report (Hanna-Pladdy, Berry, Bennett, 
Phillips, & Gouvier, 2001). Until recently, stress, anxiety, and depression had largely 
been investigated in isolation. However, a recent study by Edmed and Sullivan 
(2012b) revealed that when depression, anxiety, and stress were considered together, 
stress was the strongest predictor of PCS symptom report in a nonclinical sample.  
2.5.3 Posttraumatic stress disorder (PTSD). PTSD may influence or 
exacerbate the report of persistent PCS symptoms in some individuals (Bryant & 
Harvey, 1999b). However, some authors have argued that the posttraumatic amnesia 
and loss of consciousness from an mTBI is protective against the development of 
PTSD (Glaesser, Neuner, Lütgehetmann, Schmidt, & Elbert, 2004; Sbordone & 
Liter, 1995), whilst others argue that the disorders can co-occur (Bryant & Harvey, 
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1999a; Harvey et al., 2003). The debate over whether PTSD and mTBI are mutually 
exclusive disorders has received considerable attention.  
In support of the protective hypothesis, one prospective study found that 
participants with memory recall of the traumatic event in which an mTBI was 
sustained had greater prevalence of PTSD at six months postinjury than those who 
did not have memories of the event; however, 6% of participants with no recall of 
the traumatic event also developed PTSD suggesting that the conditions are not 
mutually exclusive (Gil, Caspi, Ben-Ari, Koren, & Klein, 2005). Other researchers 
contend that PTSD and mTBI can occur alongside each other via a number of 
mechanisms, including via the reconstruction of traumatic memories (Harvey & 
Bryant, 2001). The occurrence of PTSD following mTBI can range from 17-33% 
(Bryant & Harvey, 1995, 1998, 1999b; Harvey & Bryant, 2000; Middleboe, 
Andersen, Birket-Smith, & Friis, 1992; Ohry, Rattok, & Solomon, 1996). Contrary 
to the protective hypothesis, a prospective study of MVA survivors found that 
participants with loss of consciousness and head injury had a higher prevalence of 
PTSD and PTSD symptom report than survivors of an MVA without head injury and 
loss of consciousness (Roitman, Gilad, Ankri, & Shalev, 2013). In another study, 
Bryant and Harvey (1999b) found that patients who had sustained an mTBI and also 
suffered PTSD, reported more PCS symptoms than patients who had not sustained 
an mTBI with PTSD. Rosenfeld and Ford (2010) suggest that there may be an 
organic relationship between mTBI and PTSD. This organic relationship may occur 
because parts of the brain that are typically damaged by a TBI are involved in the 
regulation of emotion; therefore, injury specific factors from TBI may influence the 
development of PTSD.  
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The interaction of mTBI and PTSD may complicate assessment and 
compound symptom experience. In one of the most influential papers on mTBI 
during the last 10 years, Hoge and colleagues (2008) found that 44% of infantry 
soldiers who had sustained an mTBI with loss of consciousness met PTSD 
diagnostic criteria. The number of soldiers meeting PTSD criteria in this group was 
significantly greater than the percentage of infantry soldiers who had sustained an 
mTBI with no loss of consciousness (27%), non-mTBI injuries (16%), and no injury 
(9%). This finding demonstrated that mTBI and PTSD were strongly positively 
associated in a military sample, and that PTSD was a strong mediator of mTBI and 
physical health problems. When PTSD and depression were adjusted for in the 
analyses, mTBI was no longer significantly associated with symptom report, except 
for headaches and ‘heart pounding’. Given that mTBI can occur in many contexts 
that are traumatic (e.g., MVAs, domestic violence, assaults), this study highlighted 
the need to also assess for PTSD symptoms when assessing outcome from mTBI.  
2.5.4 Medication side effects. The impact of medications is rarely 
considered in mTBI outcome studies (Carroll, Cassidy, Holm, et al., 2004). 
Medications with potential cognitive side effects may account for poor outcome 
reported by people with an mTBI. Meares and colleagues (2008) found an 
association between opioid analgesia administered acutely following mTBI and 
acute neuropsychological deficits, specifically list learning and recall. However, 
medication use did not affect PCS symptom report in another study (Smith-Seemiller 
et al., 2003), though people with mTBI may be more susceptible to side effects of 
medication (McAllister & Arciniegas, 2002). 
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2.6 Litigation/Litigation Stress 
In litigation contexts, financial motivation can influence the perception and 
report of current and retrospectively reported PCS symptoms (Lange, Iverson, & 
Rose, 2010). A meta-analysis by Binder and Rohling (1996) found an overall 
moderate effect size of 0.47 for financial incentive on outcome from TBI, with 
particularly strong effects for mTBI. This meta-analysis highlighted the importance 
of considering the influence of financial incentives on symptom report. Secondary 
gain factors such as attention from family/friends and the avoidance of unpleasant 
activities can also be powerful motivators to exaggerate symptom report (Iverson, 
Zasler, et al., 2007). Exaggeration and malingering are key concepts in Iverson, 
Zasler, and colleagues’ (2007) model, however these factors were conceptualized as 
separate from one another because exaggeration does not necessarily reflect 
malingering. It is also suggested that litigation influences symptom report via related 
stressors (Weissman, 1990). Litigation stress is included in Iverson, Silverberg, and 
colleagues’ (2013) biopsychosocial model of outcome from mTBI. Given the 
influence of motivational factors, the use of embedded validity measures in 
standardized self-report tools has been suggested by Iverson, Zasler and colleagues 
(2007). Symptom validity assessment has also been described as ‘necessary’ in a 
position statement by the National Academy of Neuropsychology (Bush et al., 
2005). 
2.7 Psychosocial Factors 
 A number of cognitive explanations of PCS symptom report and functional 
outcome have been developed. These cognitive models position response 
expectancies (Kirsch, 1999) as central to the explanation of the persistence of PCS 
symptom report. According to Kirsch, a response expectancy is an expectancy for a 
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non-volitional response (e.g., emotional and physical consequences) in reaction to a 
stimulus (e.g., mTBI). Response expectancies can be potent; research suggests that 
they can influence symptom report and performance on neuropsychological testing 
(Suhr & Wei, 2013). The ambiguity of the nonspecific symptoms of PCS make them 
particularly vulnerable to response biases. The cognitive biases that have been 
proposed to influence the ways that patients perceive and attribute symptoms 
following an mTBI are outlined below.  
 2.7.1 Expectation and misattribution. Over 20 years ago Mittenberg 
DiGiulio, Perrin, and Bass (1992) proposed the expectation as etiology hypothesis to 
explain PCS symptoms. Specifically, they theorized that patient-held preinjury 
expectations of recovery following an mTBI influence the attributions of symptoms 
postinjury. In Mittenberg and colleagues’ seminal study, a control group (i.e., 
participants without a history of head injury and who did not know someone with a 
head injury) were asked to imagine symptoms that might occur after a car accident 
that resulted in a mild head injury (as described in a vignette). The control 
participants anticipated a similar set and number of symptoms to those experienced 
by the comparison group (i.e., individuals with a head injury who were experiencing 
PCS symptoms or a complicated recovery profile). This study also found that 
patients with a head injury retrospectively reported fewer symptoms compared to the 
base rate of symptoms reported by the control participants, suggesting that they were 
underestimating the prevalence of PCS symptoms experienced before the injury. The 
authors’ explanation of their results was that after an mTBI, individuals may 
selectively attend to internal states as a result of symptom expectation, thereby 
reattributing normal ‘benign’ symptoms to their head injury. Supporting this 
hypothesis, studies have shown that the early expectations that symptoms will persist 
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predict the actual persistence of symptoms at follow-up (Hou et al., 2012; Whittaker 
et al., 2007). Further support for this hypothesis was found when a group of 
participants who had undergone a cognitive-behavioral prevention program aimed at 
“supporting the reattribution of symptoms to selective attention, normal transient 
responses to stress, and anxiety arousing or depressive self-statement”, reported a 
significantly shorter average symptom duration days than the no-treatment control 
group (Mittenberg, Tremont, Zielinski, Fichera, & Rayls, 1996, pp. 141-142). 
However, not all studies have found support for the expectation as etiology 
hypothesis. For example, Mackenzie and McMillan (2005) found that only 1 out of 
90 participants could generate enough PCS symptoms to satisfy a caseness criterion 
(i.e., 5 or more PCS symptoms) using free recall. Therefore, the authors concluded 
that pre-injury expectations about mTBI were unlikely to maintain PCS symptoms, 
given how difficult it was for participants to recall PCS symptoms without a 
checklist. 
Some research has shown that expectations vary between some samples. For 
example, two studies have found that symptom expectation varies between countries 
(Ferrari, Constantoyannis, & Papadakis, 2001; Ferrari, Obelieniene, Darlington, 
Gervais, & Green, 2001). Lithuanian and Greek participants with no history of head 
injury expected fewer chronic symptoms after an mTBI compared to Canadian 
participants. These results suggest that cultural differences may influence the 
expectation of chronic symptoms after an mTBI, and these different expectations 
may account for why the prevalence of persistent postconcussion symptom varies 
between these cultures (Spinos et al., 2010). Expectations have been shown to vary 
between athletes and nonathletes. For example, Gunstad and Suhr (2001) found that 
uninjured athletes expect fewer symptoms following a concussion than nonathletes. 
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These authors suggest that it is possible that athletes’ expectation for recovery may 
account for the differential recovery rates between athletes and nonathletes. 
Furthermore, within the athlete population, different patterns of recovery emerge for 
different types of athletes. For example, the fastest recovery seems to be found with 
professional athletes, followed by university athletes (McCrea et al., 2003), and then 
high school athletes (Field, Collins, Lovell, & Maroon, 2003). It is possible that a 
number of factors, including expectations, may influence recovery for athletes.  
It is unclear whether athletes are vulnerable to response expectancies. Only 
one study has examined this factor (Gunstad & Suhr, 2001), and it compared athletes 
and nonathletes expectations of an MVA-related mTBI. There are a number of 
reasons why contact-sports players may have differing recovery rates than adult 
trauma patients. Contact-sport players have different motivational factors for 
recovery and less drug and alcohol abuse issues than adult trauma patients, making 
this sample free from a number of potential confounds (McCrea, 2008). However, it 
is possible that their experience with mTBI in a sports context affects their 
expectation of outcome from the injury. Athletes may not encode negative 
consequence anticipations into an expectancy template because of a stronger 
preexisting expectation for a good recovery (Suhr & Wei, 2013).  
The early expectation as etiology research focused on how expectations of 
symptoms could form the etiology of persistent symptoms. However, a number of 
studies investigating whiplash have revealed that the perceptions that a patient has 
about an injury can influence outcome. For example, one study found that the 
strongest predictor of outcome following whiplash was the answer to the question, 
“Do you think that your injury will get better soon; get better slowly; never get 
better; or don’t know?” (Carroll, Holm, Ferrari, Ozegovic, & Cassidy, 2009). In 
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another study, participants were asked to rate how likely it was that he/she would 
have a complete recovery (from 1 ‘not likely’ to 10 ‘very likely’) from a whiplash 
injury and after controlling for injury severity and psychiatric symptoms, it was 
found that participants who expected that they were unlikely to have a complete 
recovery were more likely to have a high disability (Holm, Carroll, Cassidy, 
Skillgate, & Ahlbom, 2008).  
Illness perceptions have previously been found to have explanatory value in 
other controversial disorders (e.g., whiplash injury, irritable bowel syndrome, 
chronic fatigue syndrome). However, only a limited number of studies have 
investigated the relationship between injury perceptions and mTBI (Snell, Siegert, 
Hay-Smith, & Surgenor, 2010; Whittaker et al., 2007). Snell et al. found that poor 
outcome from mTBI was associated with the perception that the injury would have 
more severe consequences and a longer recovery timeline. Similarly, Whittaker and 
colleagues (Whittaker et al., 2007) found that beliefs about the expected duration of 
symptoms (i.e., injury chronicity) and severity of the mTBI (as measured by the 
illness perception questionnaire-revised version (IPQ-R) at one to three weeks 
postinjury) predicted symptomatic and functional outcome three months postinjury 
above and beyond other predictors in the study (e.g., anxiety, depression, and stress). 
In a comment on Whittaker and colleagues’ work, Ferrari (2011) argued that 
investigation of patient-held beliefs about their injury, which include expectations 
about symptoms, is one of the most relevant areas of mTBI research because of their 
potential to inform preventions.  
Although Iverson, Silverberg and colleagues’ (2013) biopsychosocial model 
of outcome from mTBI identifies expectations as a psychosocial factor that can 
influence the report of postconcussion-like symptoms and functional problems, little 
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research has been conducted to understand the variables that influence patients’ 
expectations or whether expectations vary between different samples. As symptom 
expectations and injury perceptions have been shown to influence PCS symptom 
report, further experimental research is needed to understand the factors that 
influence these expectations and perceptions. This research is particularly important 
given that information, education, and reassurance preventative strategies, aimed at 
addressing negative expectations, are commonly endorsed in the mTBI literature (Al 
Sayegh et al., 2010; Snell, Surgenor, Hay-Smith, & Siegert, 2009).  
2.7.2 The “good old days” bias. The “good old days” bias theory, introduced 
by Gunstad and Suhr (2001), is an extension of Mittenberg and colleagues’ (1992) 
expectation as etiology hypothesis, most notably because it suggests that the 
phenomenon does not only apply to those with a head injury, but also to those who 
have experienced any salient negative event. The “good old days” bias theory posits 
that individuals reconstruct the past in ways that are consistent with their current 
expectations. This theory draws from Ross and Conway’s (1986) reconstructive 
memory model, which suggests that individuals’ memories are anchored to their 
current beliefs, attitude, or mood state. When individuals interpret the past, they do 
so in a way that is consistent with their current expectations. Individuals 
experiencing symptoms after a negative event, such as an mTBI, are likely to 
reconstruct the past in a way that makes their current experience more salient if they 
had an expectation that their injury would result in negative consequences. Research 
in this area has typically found that individuals report fewer preinjury symptoms 
compared to (a) what they currently experience, and (b) compared to healthy control 
participants. This finding suggests that individuals who have experienced a negative 
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event have a more idealized view of their preinjury health than is likely to be the 
case. 
 Research has found that for people with an mTBI, the retrospective estimate 
of  preinjury symptom level is significantly lower than the baseline of symptoms 
reported by a healthy control group (Gunstad & Suhr, 2004; Iverson, Lange, Brooks, 
& Lynn Ashton Rennison, 2010; Lange, Iverson, Brooks, & Ashton Rennison, 2010; 
Mittenberg et al., 1992), but that this effect holds also for general trauma victims 
(Davis, 2002), patients with depression and headache sufferers (Gunstad & Suhr, 
2001, 2004), and patients with back injuries (Hilsabeck, Gouvier, & Bolter, 1998). 
Very little research has investigated the factors that influence this recall bias; 
however, it appears that failures on effort tests (Iverson, Lange, et al., 2010) and 
involvement in litigation (Lange, Iverson, & Rose, 2010; Lees-Haley, Williams, & 
English, 1996; Lees-Haley et al., 1997) tends to heighten the recall bias.  
2.7.3. Iatrogenesis. According to Wood (2004), the response of health care 
professionals following an mTBI can be instrumental in shaping an individual’s 
perception of symptoms and illness. For instance, the act of diagnosing someone 
with “brain damage” as an explanation for the persistent symptoms that a patient 
reports, without considering other causative factors, can be iatrogenic (Iverson, 
Zasler, et al., 2007). An incorrect diagnosis may lead people to misattribute common 
symptoms to the injury and engage in unnecessary medical intervention that may in 
turn exacerbate symptoms (Bender & Matusewicz, 2013). Therefore, iatrogenic 
factors may alter the clinical presentation of PCS symptoms after mTBI. A number 
of influential authors in this area have suggested that expectations and iatrogenic 
factors are likely potent contributors to persistent PCS (Iverson, Silverberg, et al., 
PERSISTENT SYMPTOM REPORT AFTER MTBI                 38  
 
2013; McCrea, 2008). However, iatrogenic influences as they relate to mTBI have 
received little empirical attention. 
Research is needed to investigate how the responses of health care 
professionals and health system processes may shape the perception of symptoms 
following mTBI. A number of factors related to the assessment practices of 
clinicians could be iatrogenic. Suhr and Gunstad’s (2002a) investigation of diagnosis 
threat (discussed below) provides experimental support for iatrogenesis as a factor 
influencing behavior (i.e., cognitive performance) after mTBI. Additionally, the 
terminology that clinicians use to describe or diagnose the injury may also be 
iatrogenic, if terminology alters the beliefs that patients have about the permanency 
or severity of the injury. Another factor that may also be iatrogenic is the method of 
assessment, which may influence the persistent symptom report of patients with an 
mTBI. The influence of these potential iatrogenic factors is discussed below.  
2.7.4. Diagnosis threat. Unlike the above-discussed biases, diagnosis threat, 
a term introduced by Suhr and Gunstad (2002a), has largely been investigated with 
regard to cognitive performance, as opposed to self-reported symptoms. Diagnosis 
threat refers an application of the stereotype threat phenomenon from the social 
psychology literature to a neurological population. Stereotype threat occurs when 
stigmatized groups (e.g., females and minorities) are exposed to threatening cues that 
activates a stereotype of poor performances (e.g., females are told that females 
typically have poor math ability before a math test), and those individuals 
subsequently have poorer performance on those tests of ability than a group who has 
not had the stereotype made salient to them. Stereotype threat has been documented 
in gender and ethnicity/race research (see Nguyen & Ryan, 2008, for a review) and 
in older-adult research (e.g., Levy, Hausdorff, Hencke, & Wei, 2000).   
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Diagnosis threat is demonstrated when individuals who have their attention 
called to their diagnosis (and their likely poor performance on neuropsychological 
tasks as a result of that diagnosis), perform significantly worse than a group of 
individuals with mTBI who receive neutral instructions (Suhr & Gunstad, 2002a, 
2005). Diagnosis threat instructions rely on a participant internalizing a negative 
stereotype about a diagnosis that is called to their attention. Studies of diagnosis 
threat have led to mixed findings. Early studies found that compared to a neutral 
group, a diagnosis threat group of university students with a history of mTBI 
performed worse in the domains of general intellect and memory (Suhr & Gunstad, 
2002), and attention, memory, and processing speed (Suhr & Gunstad, 2005). 
However, the strong diagnosis threat effect on cognitive performance found in these 
earlier studies has not been replicated in mTBI samples since (Blaine, Sullivan, & 
Edmed, 2013; Ozen & Fernandes, 2011)  
Diagnosis threat research has been predominantly examined in relation to 
cognitive performance (Suhr & Gunstad, 2002a, 2005), however it has also been 
extended to examine self-report symptoms/complaints (Blaine et al., 2013; Ozen & 
Fernandes, 2011). For example, in an extension of Suhr and Gunstad’s earlier work, 
a new finding of a diagnosis threat effect on subjective outcomes (memory and 
attention complaints) was reported by Ozen and Fernandes (2011), but this finding 
was not replicated by Blaine et al. (2013) using PCS symptoms and affective 
symptom report scales.  
2.7.5 Diagnostic terminology. Wood (2004, p. 1146) argues that brain injury 
terminology (e.g., mTBI, concussion, minor head injury) used by clinicians can 
“create a framework that reinforces the neurological interpretation of symptoms”. 
There is some research that has investigated the influence of brain injury 
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terminology on expectations and current symptom report, but findings have been 
mixed. Some authors advocate for the use of diagnostic terminology that normalizes 
symptoms and provides a more positive expectation of recovery. For example, Hoge 
and colleagues (2008) encourage the use of the term concussion over mTBI. 
However, depending on the population, the use of diagnostic terminology may need 
to be carefully considered to ensure that the term appropriately communicates risk. 
These decisions may be particularly important for contact-sport players who may be 
at an increased risk of sustaining subsequent concussions if they return-to-play 
before full recovery from the first injury (McCrory, 2001a). Recommendations about 
the use of diagnostic terminology require a more solid evidence base than currently 
exists.  
Much of the research on diagnostic terminology has been conducted in 
pediatric populations, specifically by investigating parental attributions about an 
injury based on terminology (DeMatteo et al., 2010; Gordon, Dooley, Fitzpatrick, 
Wren, & Wood, 2010; Raugust & Latter, 2013). These studies indicate that 
terminology may adjust parental perceptions of the severity of the injury, such that 
the term mTBI is typically viewed as more concerning than concussion. 
Terminology has been shown to influence return-to-play/school decisions that may 
affect a child’s recovery. This finding is of concern, given that the “cornerstone” of 
concussion management is for players to rest until acute symptoms resolve 
(McCrory et al., 2013).The literature in this area has also demonstrated that 
terminology can influence the stigmatization of people who have sustained an mTBI 
(McKinlay, Bishop, & McLellan, 2011; McLellan, Bishop, & McKinlay, 2010). The 
studies by McKinlay et al. and McLellan et al. found that when a person who has 
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sustained an mTBI is labelled as brain injured as opposed to head injured, the public 
is more likely to associate the person with the term ‘negative’ rather than ‘positive’.  
Given that diagnostic terminology may influence expectations of recovery, a 
small number of studies have investigated the influence of terminology on 
expectations and perceptions of an mTBI sustained in an MVA (Kempe, Sullivan, & 
Edmed, 2013; K.A. Sullivan, Edmed, & Kempe, 2014). Sullivan and colleagues 
found that when a vignette depicting an mTBI was associated with the diagnosis 
‘mTBI’, nonclinical participants expected more negative consequences and longer 
recovery duration than when the vignette was associated with the diagnosis 
‘concussion’. Interestingly, Sullivan and colleagues’ (2014) study found that when 
the vignette was not associated with a diagnostic label, expectations of consequences 
and recovery timeline were more negative than when a vignette was associated with 
the terms concussion or minor head injury, suggesting that some diagnostic terms 
may suppress negative expectations. However, when Kempe and colleagues (2013) 
varied the terminology embedded in discharge advice, the opposite pattern of results 
was found (i.e., the term concussion resulted in increased expected PCS symptoms 
compared to mTBI, and no differences emerged with regard to injury perceptions). 
The authors suggested that information in brochures might counteract expectations 
conveyed by diagnostic terms.  
Weber and Edwards’ (2010) investigated the influence of diagnostic 
terminology on expectations and current symptom report. The study involved 
randomly allocating a mixed sample of contact-sport (53%) and non contact-sport 
playing athletes to three surveys that varied only in the terminology used (i.e., 
concussion, mTBI, and minor head injury). The study found that the term mTBI was 
least familiar to athletes and was associated with a number of more negative 
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attributes about the injury than the terms concussion and minor head injury. 
However, this study asked participants to invoke expectations from an injury that 
was unstandardized (i.e., to imagine an injury that they would associate with the 
term concussion, mTBI, or minor head injury) and it is unclear how contact-sport 
players would perceive an injury when injury severity is held constant.  
The brain injury terminology used to diagnose an injury may interact with 
other factors to activate an expectancy template that can influence the course of 
recovery from mTBI, or diagnostic terminology may influence symptom report via 
other mechanisms. Research in this area is relatively new and diagnostic terminology 
is not independently identified as a factor that can influence symptom report in 
Iverson, Silverberg and colleagues’ (2013) biopsychosocial model, but it could be 
considered as an iatrogenic factor that can influence symptom report after mTBI in 
some individuals.  
2.7.6 Assessment method. Another factor not specifically identified in the 
biopsychosocial model of mTBI outcome (Iverson, Silverberg, et al., 2013), but that 
could be considered as an iatrogenic factor, is the method that clinicians use to assess 
symptom report. Given that the self-report of symptoms is one of the primary 
outcomes used to characterize poor outcome from mTBI in clinical and research 
settings, the influence of the methods that are used to elicit such symptoms require 
careful consideration.  
PCS symptoms can be assessed by checklist, interview, or both, and may also 
be deduced from observation and third party report. Checklists are useful because 
they are more direct than informant report, they are standardized and the results can 
be compared to normative data (Iverson, Silverberg, et al., 2013), and they reduce 
negative interviewer effects (Krol, Mrazik, Naidu, Brooks, & Iverson, 2011). 
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However, there are also concerns that checklists are vulnerable to over endorsement. 
Over endorsement of symptoms could lead to an incorrect diagnosis (Gerber & 
Schraa, 1995; Mulhern & McMillan, 2006) and subsequent iatrogeic effects. 
A small body of research has begun to document the effect of assessment 
method on PCS symptom report; however, this research has largely focused on how 
assessment method influences the number of symptoms reported. For example, 
participants with mTBI reported significantly more symptoms on a checklist than 
when they volunteered symptoms without prompting at 12-36 months post-mTBI 
(Nolin, Villemure, & Heroux, 2006) and at one, four, and three months post-mTBI 
(Villemure, Nolin, & Le Sage, 2011). Similarly, in a referred sample of patients 
receiving financial compensation for mTBI, Iverson, Brooks, Ashton, and Lange 
(2010) found that the number of symptoms reported on a structured checklist (M = 
9.1) was higher than when participants were interviewed about their symptoms (M = 
3.3), even when prompted at interview to fully report their symptoms in a number of 
domains. Assessment method has also been shown to influence the number of 
symptoms that people expect patients with mTBI to experience following an mTBI 
(Mulhern & McMillan, 2006; K. A. Sullivan & Edmed, 2012a).  
Gerber and Schraa (1995) examined the differences in volunteered and 
elicited (via checklist) symptoms in three groups (mTBI, orthopedic control, and 
uninjured control). Participants from all groups endorsed greater somatic, cognitive 
and emotional, and pain symptoms on the checklist compared to when they 
spontaneously reported those symptoms. Gerber and Schraa (1995) found that their 
mTBI group spontaneously reported more somatic symptoms than their orthopedic 
and healthy control groups, and were the only group to spontaneously report 
cognitive symptoms. It was also found that the item ‘headaches’ differentiated the 
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mTBI group from the control groups when spontaneously volunteered, whereas the 
item ‘memory problems’ differentiated the mTBI group from the other groups when 
symptoms were elicited. 
Together, these findings suggest that assessment method may have a 
significant influence on symptom report. However, much of this research has 
compared the total number of symptoms reported across spontaneous and checklist 
assessment methods; whereas, it is recommended that assessments should consider 
the types of symptoms reported (Ettenhofer & Barry, 2012) and the severity of 
symptoms reported (Iverson & Lange, 2003; Kay et al., 1992)because these factors 
can influence diagnostic decisions. These aspects of assessment have received little 
or no empirical investigation in this research area, respectively.  
2.8 Sport-Related mTBI 
The terminology of concussion and mTBI is often used interchangeably 
(Iverson, 2005). Concussion is by definition an mTBI, but it is often described as 
sitting on the milder end of the mTBI spectrum (Badcock, 1988; Collins, Iverson, 
Gaetz, Meehan, & Lovell, 2013). Sport-related concussions typically occur without 
loss of consciousness (McCrea et al., 2003; Meehan, d’Hemecourt, & Comstock, 
2010). The term concussion is used predominantly in the sport medicine literature; 
however, for this research program, any injury that meets the WHO operational 
definition of an mTBI (Carroll, Cassidy, Holm, et al., 2004) will be referred to using 
the overarching term ‘mTBI’.  
Sustaining an mTBI is a risk in many sports, but such injuries are particularly 
common in contact-sports where players come into contact with other players 
(Gessel, Fields, Collins, Dick, & Comstock, 2007). Furthermore, athletes who have 
sustained one mTBI are at greater risk of sustaining others (Delaney et al., 2000; 
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Gerberich et al., 1983), particularly if they return to play whilst symptomatic 
(McCrory, 2001a). The relevance of mTBI to this population is clear and a mature 
body of research exists to guide the acute management of this injury (McCrory et al., 
2013).  
However, as with civilian mTBI, in a minority of cases contact-sport players 
report chronic and persistent symptoms after an mTBI (Collins et al., 2013). The 
management of this patient group is plagued by similar issues to civilian trauma 
patients. That is, the symptoms are nonspecific and the influences on symptom 
report are multifactorial and temporally dynamic. Research aimed at understanding 
the biopsychosocial factors that contribute to persistent symptom report in this 
population has received considerably less empirical attention than acute-injury 
management and the cumulative impact of mTBIs. At present, the factors modelled 
in the biopsychosocial conceptualization (Iverson, Silverberg, et al., 2013) do not 
specify the populations to which they apply, or whether they apply similarly across 
different mTBI populations.  
2.9 Chapter Summary 
This chapter demonstrated that a broad range of factors can influence or 
account for persistent PCS symptom report, and that a biopsychosocial model 
(Iverson, Silverberg, et al., 2013) provides a useful framework to understand poor 
outcome from mTBI. This chapter also emphasized the importance of psychological 
factors to the development and maintenance of PCS symptoms. Of these 
psychological factors, McCrea (2008) concluded that a combination of factors that 
relate to expectations and iatrogenesis is most likely to contribute to individual cases 
of PCS. Despite the suggestion from leading researchers that expectations and 
iatrogenic factors are important variables in the persistence of PCS symptoms 
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(Iverson, Silverberg, et al., 2013; McCrea, 2008; Vanderploeg, Belanger, & Curtiss, 
2006), this literature review highlighted the paucity of research in these areas. To 
address the gaps in the research identified by this literature review, this research 
sought to 1) examine the factors that contribute to expectations, and 2) investigate 
the influence of potentially iatrogenic assessment practices (i.e., diagnosis threat and 
assessment method) on current symptom report and the “good old days” bias.  
 
Chapter 3:  Overview of the Research Program 
Chapter 2 described the various factors that influence PCS symptom report 
acutely, post acutely, and long after an mTBI, as identified in the biopsychosocial 
conceptualization of outcome from mTBI (see Figure 1.1; Iverson, Silverberg, et al., 
2013). The purpose of this chapter is to define the scope of the current program of 
research and outline the factors from Iverson, Silverberg, and colleagues’ (2013) 
model that the research has focused on. 
3.1 Demarcation of Scope 
 The literature reviewed in Chapter 2 highlighted the importance of 
expectations and the growing speculation that psychosocial principles related to 
iatrogenic factors (e.g., diagnosis threat, the use of diagnostic terminology, and 
assessment method) may contribute to the development, maintenance, or 
exacerbation of persistent symptom report after an mTBI. Thus, the focus of this 
research program is on the psychosocial factors of expectation, the “good old days” 
bias, diagnosis threat, and an as-yet unspecified factor in the biopsychosocial model 
(Iverson, Silverberg, et al., 2013), assessment method (although this factor could be 
subsumed under iatrogenesis).   
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 This thesis was not intended to investigate all of the factors identified in the 
biopsychosocial conceptualization of outcome from mTBI (Iverson, Silverberg, et 
al., 2013). Rather, this research program provides an indepth examination of a 
number of potentially modifiable psychosocial factors that have been identified as 
contributing to poor outcome from mTBI (see bolded factors in Figure 1.1). 
Additionally, this thesis only examined these psychosocial factors among adults in 
the community, with an emphasis on contact-sport players. Consequently, this thesis 
did not examine how these factors may operate in specific sub-populations such as 
children, the elderly, or patients recruited from clinical environments. The focus of 
this thesis was on persistent symptom report because PCS is a symptom based 
diagnosis; therefore, this thesis was not intended to investigate other aspects of 
functional outcome from mTBI such as quality of life, ability to perform social roles 
(i.e., relationship and employment outcomes), or cognitive difficulties.  
 3.1.1 Target population and setting. Chapter 2 identified that contact-sport 
players are a population at particular risk of sustaining an mTBI. Therefore, the first 
three studies in this research program investigated the expectations, and current and 
retrospective symptom report of this population. Contact-sport players were not 
exclusively recruited for the fourth study, but the majority of participants had 
sustained their most recent mTBI in a sporting-related accident.  
Contact-sport players are athletes who participate in a sport that involves 
contact with other players (e.g., rugby league, soccer). For the purpose of this 
research, a non contact-sport player refers to all other individuals, including athletes 
who do not play a contact-sport (e.g., swimmers) as well as nonathletes (i.e., the 
general community).  
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The majority of studies in the mTBI area recruit participants from medical 
settings, however, as discussed in Chapter 1, the majority of people who sustain an 
mTBI do not present for formal medical assessment. Therefore, this research 
recruited participants from the community to generalize the results beyond treatment 
seeking individuals.  
 3.1.2 Psychosocial focus. This research program considered PCS symptom 
report from a psychosocial perspective, whilst acknowledging that many other 
factors, including neurological ones, may influence the report of persistent 
symptoms after an mTBI (see Figure 1.1). A psychosocial focus was taken because 
such factors can be modified.  
3.2 Research Aims and Research Questions  
The overall aim of the research program was to better understand some of the 
factors from the biopsychosocial model of outcome from mTBI that influence the 
report of persistent PCS symptoms after an mTBI. The following factors were 
examined: expectations, diagnosis threat, and the “good old days” bias. Assessment-
related factors were also examined because of their iatrogenic potential.   
The overall research question used to guide the research program was: What 
factors influence the report of expected, current, and retrospectively reported 
(premorbid) PCS symptoms? A series of studies were designed to attempt to answer 
this question. The research program sought to understand the factors that influence 
expectations of outcome from mTBI (studies 1 and 2); and investigate the influence 
of assessment practices on current and retrospectively reported (premorbid) 
symptoms (i.e., the “good old days” bias) after an mTBI (studies 3 and 4). The 
specific research questions for each the four studies are outlined below.  
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3.2.1 Aim 1. Understand the factors that influence mTBI outcome 
expectations.  
Study 1 research questions. 
1.1 Do contact-sport players have different expectations of recovery from mTBI than 
non contact-sport players?  
1.2 Are recovery expectations influenced by the cause of the injury? 
1.3 Are recovery expectations influenced by personal familiarity with mTBI? 
Study 2 research question. 
2.1 Are recovery expectations influenced by the diagnostic terminology used to label 
an injury in contact-sport players? 
3.2.2 Aim 2. Investigate the influence of assessment practices on current and 
retrospectively reported (premorbid) symptoms (i.e., the “good old days” bias) after 
an mTBI. 
Study 3 research questions. 
3.1 Does diagnosis threat influence the current symptom report of contact-sport 
players with a history of sport-related mTBI? 
3.2 Does diagnosis threat influence the retrospective symptom report of contact-sport 
players with a history of sport-related mTBI? 
Study 4 research question. 
4.1 Does assessment method influence the current symptom report of individuals 
with a post-acute mTBI? 
3.3 Structure of Research Program.  
Figure 3.1 and 3.2 depict the samples used in each study and the experimental 
conditions or groups membership within each study. Each study utilized a unique set 
of participants. Studies 1 and 2 investigated factors that influence expectations of 
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mTBI outcome in a sample of contact-sport-players (studies 1 and 2) and non 
contact-sport-players (Study 1) without a history of mTBI. Studies 3 and 4 
investigated the influence of assessment practices on current and retrospective 
symptom report in participants with and without a history of mTBI. 
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Figure 3.1. Overview of Studies 1 and 2 of the research program.  
 
Study 2 (N = 122) 
Diagnostic Terminology Does Not Influence Contact-Sport 
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MVA  
mTBI 
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n = 92 
Sport mTBI 
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Study 1 (N = 244) 
The Influence of Injury-Cause, Contact-Sport Participation, and 
Personal Knowledge on Expectation of Outcome from Mild 
Traumatic Brain Injury 
Non Contact-Sport Players 
n = 185 
Contact-Sport Players 
n = 59 
Contact-Sport Players 
Sport Vignette 
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n = 41 
Sport Vignette + 
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Research Question 1: What factors influence mTBI outcome 
expectations? 
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Figure 3.2. Overview of Studies 3 and 4 of the research program.  
  
Study 4 (N = 72) 
Assessment Method Influences the Severity and Type of 
Symptoms Reported After Mild Traumatic Brain Injury  
Recent mTBI  
n = 36 
Study 3 (N = 62) 
The Influence of Diagnosis Threat on Postconcussion 
Syndrome Symptom Report and the Good Old Days Bias 
Diagnosis Threat  
n = 19 
No Threat 
n = 22 
Control 
n = 21 
Contact-Sport Players with a history of mTBI 
n = 41 
No mTBI 
History 
n = 21 
Contact-Sport Players 
Matched Controls 
n = 36 
Research Question 2: Do assessment practices influence 
symptom report? 
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3.4 Account of Research Progress Linking the Research Papers  
 An outline of each study and its contribution to the research aims is presented 
below. The specific hypotheses and rationale for each study are provided in the 
Introduction of each paper and are not repeated here.  
3.4.1 Study 1.  
Edmed, S. L., & Sullivan, K. A. (2014). The influence of injury-cause, contact- 
sport participation, and personal knowledge on expectation of outcome from mild 
traumatic brain injury. Journal of Clinical and Experimental Neuropsychology, 
36(4), 221-235. doi: 10.1080/13803395.2013.877124 
Study 1 was designed to investigate whether several “non-injury” related 
factors, including situational and individual difference variables, influenced 
expectations of outcome from mTBI in people without a history of mTBI. 
Specifically, Study 1 examined whether, 1) contact-sport players had different 
expectations of outcome from mTBI than non contact-sport players; 2) whether 
injury-cause (motor vehicle related accident versus sport-related accident) influenced 
expectations of outcome, and 3) whether prior personal knowledge of mTBI (i.e., 
personal familiarity with mTBI) influenced expectation of outcome.  
In this study, a vignette depicting an mTBI sustained in either a sport-related 
accident or a motor-vehicle accident was presented to participants (Note. Injury 
severity was held constant across both vignettes). Expectation of outcome was 
measured using a broader range of outcome measures than is typically used in other 
studies, to reflect the type of assessment that might occur in clinical practice. This 
study measured expectation of PCS symptoms using the Neurobehavioral Symptom 
Inventory (NSI; Cicerone & Kalmar, 1995), PTSD symptoms using the PTSD 
Checklist–Civilian Version (PCL-C; Weathers, Litz, Herman, Huska, & Keane, 
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1993), and exaggerated symptoms using the Mild Brain Injury Atypical Symptoms 
Scale (mBIAS; Cooper, Nelson, Armistead-Jehle, & Bowles, 2011). To recognize 
that injury perceptions may also influence PCS symptom report, this study measured 
perceptions of injury consequences and chronicity using the Illness Perception 
Questionnaire-Revised Version (IPQ-R; Moss-Morris et al., 2002).  
3.4.2 Study 2.  
Edmed, S. L., & Sullivan, K. A. (2014). Diagnostic terminology does not influence 
contact-sport players’ expectations of outcome from mild traumatic brain injury. 
Manuscript submitted for publication. The Clinical Neuropsychologist.  
Study 2 extended Study 1 by investigating the influence of diagnostic 
terminology on contact-sport players’ expectations of outcome from mTBI in 
contact-sport players without a history of mTBI. This paper manipulated whether 
participants viewed the sport-related vignette (developed in Study 1) with an added 
diagnostic label of ‘concussion’, ‘mild traumatic brain injury’, or whether the 
vignette did not have an added diagnostic label (Note. The no diagnosis group was 
drawn from Study 1). Study 2 used the same outcome measures that were used in 
Study 1. This paper addressed the aim of the first two studies of the research 
program by clarifying the factors that influence expectations in a contact-sport 
playing sample.   
3.4.3 Study 3. 
Edmed, S. L., Sullivan, K. A., & White, M. J. (2014). The Influence of Diagnosis 
Threat on Postconcussion Syndrome Symptom Report and the “good old days” bias. 
Manuscript in preparation. 
PERSISTENT SYMPTOM REPORT AFTER MTBI                 55  
 
 The purpose of Study 3 was to investigate the influence of diagnosis threat, 
an iatrogenic factor, on current symptom report and retrospectively reported 
(premorbid) symptoms (i.e., the “good old days” bias). In this study, diagnosis threat 
was activated by manipulating whether participants were screened for their injury 
history either before or after reporting current and retrospective-premorbid 
symptoms. This study investigated these variables in a sample of contact-sport 
players with a history of mTBI. The outcome measures in this study were the same 
as Studies 1 and 2, with the exception that the IPQ-R measure was not administered.  
3.4.4 Study 4. 
Edmed, S. L., Sullivan, K. A., Allan, A. C., & Smith, S. S. (2014). Assessment 
Method Influences the Severity and Type of Symptoms Reported After Mild 
Traumatic Brain Injury. Manuscript submitted for publication. The Journal of Head 
Trauma Rehabilitation.  
Study 4 was designed to investigate the influence of assessment method, a 
potential iatrogenic factor, on current symptom report. Study 4 recruited participants 
with and without an mTBI history for comparison. Participants in this study reported 
symptoms they had been experiencing spontaneously (i.e., in response to two open-
ended questions), and then on a standardized PCS checklist, the NSI, which was 
used in the previous studies.  
3.5 Discussion of Methodological Considerations  
 3.5.1 Vignettes. The first two studies of this research program used vignettes 
to explore the influence of injury-cause and diagnostic terminology on expected 
outcome from mTBI. Vignettes are commonly used in research because they provide 
greater experimental control through stimulus consistency (Whitney et al., 2009). 
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This research program used the MVA-related mTBI vignette developed by Sullivan, 
Edmed, and Cunningham (2013) in Study 1 (see Appendix B), which was modelled 
off the original Mittenberg and colleagues’ (1992) vignette, but updated to reflect the 
WHO operational definition for an mTBI (Carroll, Cassidy, Holm, et al., 2004).  
The MVA-related mTBI vignette, which was referred to as the ‘M vignette’ 
in Sullivan and colleagues’ (2013) paper, was chosen for the following reasons: 1) 
The vignette underwent an evaluation process (including a revision) by an expert 
panel and performed favorably (i.e., it was found to reflect the WHO mTBI 
operational definition); 2) Compared to previous vignettes, the vignette minimized 
colloquialisms, culturally specific language, and removed ‘extraneous’ detail not 
relevant to the injury (e.g., whether the incident happened at night or not); and 3) the 
vignette’s readability was examined and found to be suitable for an approximate 
reading age of seven years.  
A new sport-related mTBI vignette that was modelled off the MVA-related 
mTBI vignette was developed for this research program for use in Studies 1 and 2 
(see Appendix C). The sport-related mTBI vignette held all injury details consistent, 
but varied details that related to injury-context. The sport-related mTBI vignette was 
informally reviewed by academic staff from Queensland University of Technology’s 
School of Exercise and Nutrition Sciences to ensure that its portrayal of a sport-
related mTBI was realistic.  
3.5.2 Outcome measures. A number of principles guided the selection of 
outcome measures for this research program. The Neurobehavioral Symptom 
Inventory (NSI; Cicerone & Kalmar, 1995, see Appendix D) was selected as the 
measure of PCS symptoms based on its recommendations for use in TBI research as 
part of Wilde and colleagues’ (2010) summary of recommended common outcome 
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measures by the interagency TBI Outcomes Workgroup and because of its prolific 
use by the U.S Department of Defense and Veteran Affairs.  
PCS expectation studies have typically focused on expected PCS symptoms. 
The first two studies of this research program utilize a broad range of outcome 
measures to assess expectations of outcome. The PTSD Checklist-Civilian (PCL-C; 
Weathers et al., 1993, see Appendix E) was chosen because it is also used by the U.S 
Department of Defense and the Veteran Affairs and it has been shown to have strong 
psychometric properties (Ruggiero, Del Ben, Scotti, & Rabalais, 2003). A measure 
of PTSD symptoms was included in the first three studies because research suggests 
that people with an mTBI may be prone to developing PTSD in civilian settings 
(Biberthaler et al., 2001) and because a measure of PTSD symptoms provides insight 
into whether participants also attended to the traumatic circumstances of the 
vignettes rather than, or in addition to, the expected physiological consequences of 
the mTBI (Sullivan & Edmed, 2012b).  
The Mild Brain Injury Atypical Symptoms Scale (mBIAS; Cooper et al., 
2011, see Appendix F) was included in the standard questionnaire battery for studies 
1 through 3 as a measure to characterize symptom over reporting. Not only is 
symptom exaggeration important to consider with mTBI (Herrmann et al., 2001), but 
the measure also provides a proxy of the extent that participants are expecting a 
coherent set of symptoms typical of mTBI. The format used by Cooper and 
colleagues was employed to administer the above three scales (i.e., NSI, PCL-C and 
mBIAS) as an integrated questionnaire (see Appendix G). Exceeding the published 
cut-score (Cooper et al., 2011) is indicative of the level at which further investigation 
is recommended in a clinical setting, not necessarily an indication of symptom over 
reporting or malingering.  
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The perception of the duration of recovery and injury consequences have 
been found to be strong predictors of actual outcome after mTBI (Whittaker et al., 
2007). For this reasons, studies 1 and 2 also measured these injury perceptions using 
subscales from the Revised Illness Perception Questionnaire (IPQ-R; Moss-Morris et 
al., 2002, see Appendix H). The assessment of injury perceptions provides additional 
insight into recovery expectations after mTBI. Specific administration, scoring, and 
psychometric information are provided for each measure in the individual papers.  
 3.5.3 Participant recruitment and screening. A convenience sampling 
strategy was used in all studies. Participants were invited to complete the studies in 
this research program if they were over the age of 17 and if they had no history of a 
diagnosis of an intellectual or neurological disorder, and had not received treatment 
(including medication) for a mental health disorder in the previous 12 months.
 Exclusions. Exclusions specific to each paper’s study design are detailed in 
their respective chapters. Common to all studies, participants were excluded from 
participation if they did not meet the above eligibility requirements or if they 
submitted an invalid protocol, as indicated by their response to each study’s 
manipulation checks.  
Manipulation checks. Online survey research methods were used across all 
studies. This program of research utilized instructional manipulation checks to detect 
and screen out participants whose scores indicated that they were not reading 
questionnaire items. This approach increases statistical power and the reliability of 
results (Oppenheimer, Meyvis, & Davidenko, 2009). Three instructional 
manipulation checks were interspersed throughout each study’s survey that took a 
form similar to, “Please select ‘not at all’ as your response for this question”. 
Participants were excluded from data analysis if they failed two or more of these 
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instructional manipulation checks. Instructional manipulation checks have been 
recommended for use in survey research when the population may include 
individuals engaging in satisficing or for an experiment that requires diligent reading 
or attention (Oppenheimer et al., 2009).  
 Experimental manipulation checks were also employed for the first two 
studies of the research program, and to a lesser degree, studies 3 and 4. Experimental 
manipulation checks have been strongly recommended for use in research that 
involves simulation designs (e.g., vignette techniques) by Rogers (2008), though 
such checks have not been undertaken by other research groups investigating the 
etiological basis of PCS (e.g., Ferrari, Obelieniene, et al., 2001; Gunstad & Suhr, 
2001; Mittenberg et al., 1992). Multiple checks were used to ensure that participants 
attended to the experimental manipulation. If a participant failed the manipulation 
checks (i.e., indicated that did not attend to the details of the vignette or failed to 
answer questions ‘in character’) then they were excluded from data analysis. A copy 
of the post-experimental questionnaire is included in Appendix I. In the studies that 
did not involve vignette techniques, participants were asked to describe what the 
study was about and to indicate whether or not they understood study instructions. If 
participants’ responses indicated inadequate understanding of the task, they were 
excluded from analyses.  
 Data cleaning and assumption checking approaches. For all studies, the 
data were examined for missing values and breaches of relevant assumptions. 
Missing values analyses revealed that missing data were minimal (<5% of missing 
cases per variable) and Little’s Missing Completely at Random (MCAR) tests 
revealed that the missing the data were missing completely at random (p > .05). A 
consistent approach was used to deal with the missing data for all studies in the 
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research program. Missing data were resolved using Expectation-Maximization 
(EM) algorithms for maximum-likelihood estimation, as recommended by 
Tabachnick and Fidell (2001). This method of handling missing data are appropriate 
because EM produces unbiased parameter estimates when data are MCAR 
(Fox‐Wasylyshyn & El‐Masri, 2005). Corrections for multiple comparisons were not 
applied to the p values associated with the tests used in the studies. The use of such 
corrections is controversial, with some authors highlighting important criticisms 
(e.g., type 1 error cannot decrease without increasing type II error; Armstrong, 2014; 
Perneger, 1998), and other authors arguing that such corrections should never be 
employed (e.g., Rothman, 1990).  
 Univariate assumptions (and multivariate assumptions where appropriate) 
were examined to determine suitability for parametric analyses, first via visual 
inspection of histograms and P-P plots, then using significance tests (e.g., converting 
skewness and kurtosis values to z-scores, Levene’s test of homogeneity of variance). 
When violations of parametric assumptions were observed, this research program 
utilized equivalent nonparametric tests. The data were analyzed using IBM SPSS 
Statistics 21 and statistical significance was evaluated using an alpha level of p = 
.05.  
3.6 Chapter Summary 
This chapter introduced the overarching research question that guided the 
research program. The overarching research question that was identified was: What 
factors influence the report of expected, current, and retrospectively reported 
(premorbid) PCS symptoms? This chapter also delineated the specific aims and 
original contribution of the four studies that were designed to address this 
overarching research question. The chapter concluded by discussing the principles 
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that guided common methodological approaches of the studies. The following 
chapters of the thesis (chapters 4 through 7) now present these studies in the form of 
individually published or submitted papers.  
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Chapter 4:  The Influence of Injury-Cause, Contact-Sport 
Participation, and Personal Knowledge on Expectation of Outcome 
from Mild Traumatic Brain Injury  
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Abstract 
Objective: This study investigated the influence of injury cause, contact-sport 
participation, and prior knowledge of mild traumatic brain injury (mTBI) on injury 
beliefs and chronic symptom expectations of mTBI. Method: 185 non contact-sport 
players and 59 contact-sport players with no history of mTBI were randomly 
allocated to one of two conditions in which they read either a vignette depicting a 
sport-related mTBI or a motor-vehicle-accident-related (MVA-related) mTBI. The 
vignettes were otherwise standardized to convey the same injury parameters (e.g., 
duration of LOC). After reading a vignette, participants reported their injury beliefs 
(i.e., perceptions of injury undesirability, chronicity, and consequences) and their 
expectations of chronic postconcussion syndrome (PCS) and posttraumatic stress 
disorder (PTSD) symptoms. Results: Non contact-sport players held significantly 
more negative beliefs, expected greater PTSD symptomatology and greater PCS 
affective symptomatology from an MVA-related mTBI vignette than a sport-related 
mTBI vignette, but this difference was not found for contact-sport players. Unlike 
contact-sport players, non contact-sport players who personally knew someone who 
had sustained an mTBI expected significantly less PCS symptomatology than those 
who did not. Despite these different results for non contact-sport players and contact-
sport players, overall, contact-sport participation did not significantly affect injury 
beliefs and symptom expectations from a sport-related mTBI. Conclusions: 
Expectations of persistent problems after an mTBI are influenced by factors such as 
injury cause even when injury parameters are held constant. Personal knowledge 
of mTBI, but not contact-sport participation, may account for some variability 
in mTBI beliefs and expectations. These factors require consideration when 
assessing mTBI outcome.  
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The Influence of Injury-Cause, Contact-Sport Participation, and Personal Knowledge 
on Expectation of Outcome from Mild Traumatic Brain Injury  
Introduction 
Mild traumatic brain injury (mTBI) is common and represents a considerable 
public health, economic, and social concern (Cassidy et al., 2004). The burden 
associated with mTBI is not only due to the health costs associated with the acute 
phase of the injury, but also because a subgroup of people report chronic health 
complaints, often referred to as the postconcussion syndrome (PCS). Understanding 
the factors that contribute to the report of symptoms that persist beyond the typical 
recovery period for mTBI is crucial for informing targeted approaches to prevention 
and treatment.  
The report of chronic symptoms has been shown to be influenced by a variety 
of factors that can be conceptualized using a biopsychosocial model (Iverson, 2012). 
Of specific interest to this study is one of the non-neurological factors known as 
expectation. This variable is central to the expectation as etiology hypothesis 
(Mittenberg, DiGiulio, Perrin, & Bass, 1992). Expectation as etiology is a social-
psychological explanation for chronic mTBI symptom report that suggests that 
symptoms experienced after the injury are given meaning in accordance with an 
individual’s beliefs and expectations about an mTBI. Specifically, this hypothesis 
posits that mTBI patients’ expectations play a role in biasing the selective attention 
to their internal state and the reattribution of benign baseline symptoms to the mTBI 
(Mittenberg et al., 1992). Expectations are also hypothesized to play a role in PCS 
symptoms’ vulnerability to a retrospective recall bias. This recall bias was shown in 
Mittenberg et al.’s study where participants with a history of head injury estimated 
experiencing fewer premorbid symptoms than the base rate reported by the control 
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group. A similar retrospective recall bias was observed in contact-sport players with 
a history of mTBI (Ferguson, Mittenberg, Barone, & Schneider, 1999). This finding 
was used by the authors to explain why uninjured athletes expected symptoms to 
increase after a concussion, despite there being no discernable differences between 
the symptom report of athletes with and without a concussion. These findings were 
later expanded upon by Gunstad and Suhr (2001, 2004) and referred to as the “good 
old days” bias, which posited that any individual who has experienced a negative 
event may report being more healthy in the past because they reconstruct the past in 
a way that is consistent with their negative expectations. The importance of these 
factors to understanding PCS is acknowledged by Iverson, Lange, Brooks, and 
Ashton Rennison (2010, p. 19) who state that “This response bias, combined with an 
expectation of certain symptoms following mTBI, can have a potent impact on 
symptom reporting”. If expectation is fundamental to the way these biases operate, a 
better understanding the factors that influence expectations from mTBI is needed.  
The factors that influence symptom expectation following mTBI have been 
explored in some studies. For example, two studies have found that symptom 
expectation varies between countries (Ferrari, Constantoyannis, & Papadakis, 2001; 
Ferrari, Obelieniene, Darlington, Gervais, & Green, 2001). Lithuanian and Greek 
participants with no history of head injury expected fewer chronic symptoms after an 
mTBI compared to Canadian participants. These results suggest that cultural 
differences may influence the expectation of chronic symptoms after an mTBI. Our 
research has found that diagnostic terminology influences patient expectation. We 
found that the terminology used to describe an mTBI changed participants’ 
expectations of symptom chronicity and perceived injury consequences. That is, 
when an injury was described as a mild traumatic brain injury, participants expected 
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worse outcomes than when it was described as a concussion (Sullivan, Edmed, & 
Kempe, 2014). In other studies, methodological factors have been shown to 
influence symptom expectation. Sullivan and Edmed (2012a) found that when 
participants simulated the experience of recovering from an mTBI, only a small 
percentage of participants (29.3%) expected greater than three PCS symptoms when 
assessed using an open ended question, as opposed to 98% and 98.1% of participants 
when assessed using a structured interview or checklist, respectively. Similar 
findings have been demonstrated by Mackenzie and McMillan (2005) and Mulhern 
and McMillan (2006), suggesting that the report of expected symptoms from mTBI 
can be influenced by prompting/checklists.  
To date, no studies have investigated whether beliefs and expectations about 
mTBI vary depending on the cause of injury. This is an important question because 
the risk of being exposed to mTBI in these contexts differ (Cassidy et al., 2004), as 
does the reporting of them in the media. Other variables also differ according to 
injury cause, such as the likelihood of compensation and the associated 
psychological trauma (Mathias, Harman-Smith, Bowden, Rosenfeld, & Bigler, 
2013). Researchers have typically combined mTBIs from different causes (an 
exception to this appears to be blast-related mTBI; e.g., Luethcke, Bryan, Morrow, 
& Isler, 2010), or if injury cause has been considered, it may have been described as 
a participant characteristic but not analyzed separately (e.g., Sigurdardottir, Andelic, 
Roe, Jerstad, & Schanke, 2009). It is unknown whether such an approach is 
productive.  
The idea that the cause of an mTBI may influence expectation was first raised 
in Mittenberg et al.’s (1992, p. 203) seminal study. When considering the influence 
of the repeated observation that contact-sport players sustain head injuries without 
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obvious “ill effects”, Mittenberg and colleagues suggested that, “Being ‘knocked 
out’ or ‘dazed’ in the context of an athletic event is therefore less likely to elicit 
anticipations of persistent postconcussion syndrome than identical experiences that 
occur in the context of a motor vehicle accident”. However, this prediction has not 
yet been tested. Examining whether people’s expectations vary according to the 
context that the injury was sustained in, but holding all other injury parameters 
constant (e.g., loss of consciousness, posttraumatic amnesia, and postinjury 
responsiveness, as assessed with the Glasgow Coma Scale), may provide insight into 
the specificity of the expectation as etiology phenomena. To address this gap in the 
literature, this study compared the beliefs and expectations of an mTBI sustained in 
two different contexts: a motor vehicle accident (MVA) and a sport-related accident.  
Other individual difference variables, such as personal knowledge of mTBI, or 
a prior history of playing contact-sport, may also exert an influence on cause-
dependent expectations. It is possible that an athlete’s experience of mTBI in a 
sporting context affects their expectation of injury outcome. Suhr and Wei (2013) 
suggest that athletes may not have a negative expectancy template because of a 
stronger preexisting expectation for good recovery. The variance in these 
expectations is one of a number of explanations that has been proposed to account 
for the relatively rapid recovery of postconcussion symptoms by athletes (Gunstad & 
Suhr, 2001). To our knowledge, only one study has investigated the different 
expectations from an mTBI between groups of athletes and nonathletes. Gunstad and 
Suhr (2001) found that after viewing a vignette describing a MVA-related mTBI, a 
group of athletes who had never sustained an mTBI (n = 21; 6 male) expected 
significantly less symptoms compared to a group of healthy nonathletes (n = 25; 3 
male) who had never sustained an mTBI. This finding is yet to be replicated and it 
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remains an empirical question as to whether this perception exists when comparing 
athlete and nonathlete beliefs and expectations of a sport-related mTBI. More 
research is needed to examine whether contact-sport players are less vulnerable to 
the usual negative response expectancies compared to non contact-sport players, 
particularly in view of the increased awareness of sports concussion in the 
community since Gunstad and Suhr’s early research. 
Both Mittenberg et al. (1992) and Gunstad and Suhr (2001) have suggested that 
knowledge of/experience with mTBI may account for the differential recovery 
between contact-sport players and non contact-sport players after mTBI. This 
possibility has also received limited attention even though Gunstad and Suhr (2002) 
encouraged more research to explore the possibility that such exposure/knowledge 
mediates expectation. In a general population sample, Mulhern and McMillan (2006) 
found that participants who had a history of mTBI did not expect more accurate PCS 
symptoms from an mTBI vignette than participants without a history of mTBI. In a 
nonclinical undergraduate sample, Sullivan, Edmed, and Cunningham (2013) found 
that when participants personally knew of someone who had sustained an mTBI, it 
did not alter their PCS expectancies, however, when considering the type of recovery 
that the person had, results showed that when participants knew someone with poor 
recovery from mTBI, they expected worse outcomes than participants who knew 
someone with good recovery from mTBI. To the authors’ knowledge, the influence 
of knowledge or experience with mTBI on expectation has not yet been examined in 
relation to contact-sport players. 
The present study sought to provide an updated and extended examination of 
the beliefs and expected consequences from mTBI. This study aimed to investigate 
a) whether the cause of injury influences beliefs and expectations of mTBI recovery; 
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b) whether athletes who play a contact-sport have different beliefs and expectations 
of mTBI recovery compared to non contact-sport players; c) whether personal 
knowledge of mTBI influences beliefs and expectations; and d) the relationship 
between injury beliefs and expected symptoms from mTBI. We hypothesized that a) 
a vignette that depicts an mTBI sustained in a MVA would elicit greater levels of 
expected PCS and PTSD symptoms and more negative beliefs than a vignette 
depicting an mTBI sustained in a sport-related incident; b) contact-sport players 
would expect less symptomatology and less negative beliefs about mTBIs (MVA 
and sport-related) than non contact-sport players; and, c) there would be no 
difference in the beliefs and expectations of mTBI outcome from people who knew 
someone who had sustained an mTBI compared to those who did not know someone 
with that injury, but that those participants who personally knew someone who had 
sustained an mTBI with poor recovery would hold more negative beliefs and expect 
more symptomatology than those who knew someone who had sustained an mTBI 
with good recovery. An exploratory analysis was also undertaken to investigate 
whether injury beliefs (perceived undesirability, chronicity, and consequences) were 
associated with expected symptomatology.  
Method 
Participants 
Participants were recruited through the first-year psychology participant pool 
and using study advertisement flyers. After applying all exclusions (see below), 244 
participants were enrolled. Of these participants, 185 were non contact-sport players 
(81.5% female; Mage = 21.89, SD = 6.00) and 59 reported playing contact-sport 
regularly (69.5% female; Mage =20.75, SD = 4.59). Of the 59 contact-sport players, 
31 played more than once per week, 22 played once per week, and four played once 
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per fortnight or less. The majority of these contact-sport players played at an amateur 
level (n = 43), while the remainder played at club level (n =3), in university teams (n 
= 9), or professionally (n =2). Participants played a range of contact-sports, 
including: Soccer (n = 16); Rugby League, Rugby Union or Australian Rules 
Football (n = 12); Basketball (n = 7); Netball (n = 6); Touch Football (n =5); 
Hockey (n = 3); Martial Arts (n = 3); and other miscellaneous sports (n = 5). Two 
participants had missing data for the questions that characterized their contact-sport 
participation.  
Materials 
 Preexperimental questionnaire. Medical history and demographic 
information were collected to apply exclusions and characterize the sample. Four 
medical history questions were used to confirm study eligibility: “Have you 
experienced any of the following: ‘Concussion (also known as minor head injury, 
mild traumatic brain injury etc.’ (yes = exclude);’ ‘A diagnosis of any mental or 
intellectual impairment such as severe brain injury, seizures, or other neurological 
problems’ (yes = exclude); ‘Received treatment for a mental health problem by a 
mental health provider in the past 12 months’ (yes = exclude); or ‘Received 
medication for a mental health problem in the last 12 months’ (yes = exclude).The 
demographic information collected included age, gender, education, and spoken 
language.  
Vignettes. The MVA-related mTBI vignette was developed by Sullivan et al. 
(2013) who adapted it from the vignette used originally by Mittenberg et al. (1992). 
The MVA-related mTBI vignette has been recommended for use in mTBI vignette 
studies. When it was developed this vignette was reviewed by 13 international mTBI 
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experts and found it to a) meet World Health Organization diagnostic criteria for an 
mTBI (Carroll, Cassidy, Holm, Kraus, & Coronado, 2004), and b) be free from 
distracting information that could confound results. The sport-related mTBI vignette 
was developed for this study and modelled on the MVA-related mTBI vignette so 
that the language and key injury information was consistent across vignettes. The 
MVA-related mTBI vignette is published (see Sullivan et al., 2013) and the sport-
related mTBI vignette is presented as an appendix. 
Perceived Undesirability (Sullivan & Edmed, 2012b). Undesirability of 
injury was measured on a 5-point Likert Scale (1 = Not at all undesirable; 5 = 
Extremely undesirable) by asking participants “How undesirable would you find 
such an experience”. This item was placed directly after the presentation of the 
vignette.  
Illness Perception Questionnaire-Revised (IPQ-R; Moss-Morris et al., 
2002). The Timeline and Consequences subscales of the IPQ-R were selected to 
assess participants’ perception of time to recovery, and the expected effects and 
outcomes of the injury, respectively. Minor item modifications were made consistent 
with the recommendations of the scale’s authors (e.g., ‘illness’ was changed to 
‘injury’, and the future tense was used to capture injury expectations; e.g., “My 
injury will have major consequences on my life” (italics show modifications). 
Together, the subscales contained 12 items (Timeline: six items, three reversed; 
Consequences: six items, one reversed). A 5-point Likert scale was used to assess 
perceptions of the injury depicted in the vignette (1 = strongly disagree; 5 = strongly 
agree). Scores on each scale could range from 5-30. Higher scores indicate strongly 
held beliefs about the injury’s chronicity and negative consequences for the Timeline 
and Consequences subscales, respectively. Both scales had very good internal 
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reliability for each sample (i.e., non contact-sport players and contact-sport players): 
The obtained Cronbach’s alpha was α = .866/.895 (Timeline) and α = 
.801/.831(Consequences) non contact-sport players and contact-sport players, 
respectively.  
PTSD Checklist-Civilian (PCL-C; Weathers, Litz, Herman, Huska, & 
Keane, 1993). The PCL-C is a measure of PTSD symptoms that map onto the 
Diagnostic and Statistical Manual of Mental Disorders Fourth Edition’s (DSM-IV; 
American Psychiatric Association, 2000) criteria for PTSD. The PCL-C contains 17 
items. In this study, items were embedded in the NSI with the mBIAS (see below) in 
a fixed order as per Cooper, Nelson, Armistead-Jehle and Bowles (2011). The PCL-
C was used to measure participants’ expectation of how much they would be 
disturbed by the PTSD symptoms over the past two weeks1 on a 5-point Likert scale 
(1 = not at all; 5 = Extremely). Total scores on this measure can range from 17-85, 
with a higher score indicating greater disturbance from PTSD symptomatology. The 
Cronbach’s alpha for the total score was α=.941/.964 for non contact-sport players 
and contact-sport players, respectively. Subscales were derived by summing the 
responses from each of the items that comprise the DSM-IV PTSD criteria (Re-
experiencing cluster [DSM-IV Category B] = 5 items, score range = 5-25, 
α=.894/.937; Avoidance or Numbing cluster [DSM-IV Category C] = 7 items, score 
range = 7-35, α=.846-.913; and, hyper-arousal cluster [DSM-IV Category D] = 5 
items, score range = 5-25, α=.814/.874). 
Neurobehavioral Symptom Inventory (NSI; Cicerone & Kalmar, 1995). 
The NSI was used to measure the level of expected PCS symptomatology. The NSI 
contains 22 items (e.g., “feeling dizzy”) that are rated according to how much the 
                                                 
1 Note. The original scale used “over the past month” as its timeframe. 
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symptoms disturbed the participant in the last two weeks. Because NSI items were 
embedded in the PCL-C and mBIAS measures, the Likert scale was modified from 
the original 5-point scale that asked participants to rate how much the symptom has 
disturbed them since the injury (i.e., 0 = none; 4 = very severe) to be consistent with 
the PCL-C scale (i.e., 1 = Not at all; 5 = extremely) and then rescaled back to the 
original 0-4 scale for analyses (to facilitate cross-study comparisons). The NSI was 
chosen as the PCS symptomatology measure because it is recommended for use in 
TBI research (Wilde et al., 2010). The three factor model recommended by Caplan 
and colleagues (2010, p. 452) was used to derive Somatic/Sensory (11 items; score 
range = 0-44; α=.946/.945), Cognitive (4 items; score range = 0-16; α=.890/.897), 
and Affective domain scores (7 items; score range = 0-28; α=.910/.940). Total scores 
on this measure can range from 0-88, with higher scores indicated greater 
disturbance from symptoms. The Cronbach’s alpha for the total score indicated 
excellent internal consistency (α=.968/.974) for non contact-sport players and 
contact-sport players, respectively.  
Mild Brain Injury Atypical Symptoms Scale (mBIAS; Cooper et al., 
2011). The mBIAS was developed to detect symptom over reporting. The mBIAS is 
comprised of five items that are uncommonly reported by participants with mTBI. 
Items are rated on a 5-point Likert scale that is consistent with the NSI and PCL, in 
which the items are embedded. The total score can range from 5-25 (α=.935/.932). A 
cut score of ≥ 8 can be used to identify probable exaggerated symptom report.  
mTBI Experience questionnaire. Prior knowledge of mTBI was assessed 
by asking participants “Do you know someone personally who has experienced a 
concussion or mild traumatic brain injury? (Answer options: Yes/No); and if yes, 1) 
“What was this person’s recovery like after six months?” (Answer options: Good 
PERSISTENT SYMPTOM REPORT AFTER MTBI                 75  
 
recovery - no residual symptoms or problems/ Poor recovery - complains of residual 
symptoms or problems/ Uncertain); 2) How did you know this person; 3) How did 
this person sustain the injury; and 4) How recently did this person sustain the injury. 
Post-experimental questionnaire (Sullivan & Edmed, 2012b). 
Experimental manipulation checks were included to ensure that participates 
adequately comprehended and complied with the experimental instructions. The 
post-experimental questionnaire was comprised of six questions: 1) “Did you 
understand the instructions provided in this study?” (Answer options: Yes/No); 2) 
“Please briefly explain what you were required to do in this experiment?” (Open text 
response); 3) “In the story, how long did the character lose consciousness for?” 
(Answer options: 2 hours/15 minutes/no loss of consciousness); 4) “In the story, how 
long did the character stay in hospital?” (Answer options: discharged that day/stayed 
overnight/two weeks); 5) “In the story, what was the character’s memory recall like 
after the accident?” (Answer options: Clear memory of events/difficulty recalling 
events, but clear memory at hospital later that day/ no memory of events for up to 3 
days); and 6) “Did you forget to put yourself in the position of the character 
described in the accident while answering any of the symptom items” (Answer 
options: Yes/No).  
Procedure 
Participants were allocated to a non contact-sport playing (i.e., non contact-
sport players) or contact-sport playing (i.e., contact-sport players) group based on an 
initial screening question, “Do you regularly play a contact-sport (e.g., football, 
hockey, martial arts, etc.)?” First, participants completed the preexperimental 
questionnaire. Next, participants viewed a statement informing them that the survey 
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contained items that assessed effort (i.e., “Please note: Some of the study questions 
assess effort. That is, how hard you are trying, whether you are following the 
instructions, and whether you are putting forth your best effort as a study participant. 
It is very important that you read all the instructions and questions carefully”)2.  
Participants were then randomly allocated to one of two vignette conditions 
(MVA-related mTBI or sport-related mTBI) via the online survey randomization 
plugin and instructed to “Please read the story describing an accident below. You 
will then be asked to answer some questions based on this story so it is important 
that you read the story carefully”. Vignette exposure was not timed, but participants 
were asked to rate how undesirable they would find such an experience to indicate 
that they had read the vignette. Participants were asked to answer the outcome 
questionnaires in the way they would view the injury described in the story as if they 
were that character. The IPQ-R timeline and consequences subscale (one page) were 
presented first, followed by the integrated NSI, mBIAS, and PCL-C (three pages) 
that asked participants to respond how the character would have responded six 
months after the incident.  Participants were then instructed to respond ‘out of 
character’ to the mTBI experience questionnaire and the post-experimental 
questionnaire, which included the experimental manipulation checks3. Finally, 
participants who regularly played a contact-sport were asked a number of questions 
to characterize their participation in contact-sport (i.e., the frequency, type, and 
competition level played).  
                                                 
2 To assess effort, three instructional manipulation checks (e.g., please select ‘not at all’ as your 
answer for this question) were interspersed throughout the survey as per Oppenheimer, Meyvis, and 
Davidenko (2009). Participants were excluded if their responses indicated that they were not reading 
instructions; specifically, if they failed two or more of the instructional manipulation checks. 
3 Participants were excluded if they a) stated that they did not understand study instructions; b)their 
open-text response indicated that they misunderstood the study instructions (e.g., reported expected 
acute symptoms); c) failed two or more of the vignette comprehension questions; or d) indicated that 
they did not respond to the symptom items ‘in character’.   
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Results 
 The data were analyzed using IBM SPSS Statistics 21. Prior to performing 
data analysis, preliminary data screening and cleaning procedures were conducted. 
Missing data were minimal (non contact-sport players: range = 0-1.1% of cases for 
each variable; contact-sport players: range = 0-5.1% of cases for each variable). 
Little’s Missing Completely at Random (MCAR) test revealed that these data were 
missing completely at random for the non contact-sport players (MCAR), x2(1674) = 
1655.433, p = .622 and the contact-sport players, x2(948) = 909.023, p = .814. 
Expectation Maximization (EM) was used to impute missing data because it 
produces unbiased parameter estimates when data are MCAR (Fox‐Wasylyshyn & 
El‐Masri, 2005)4.  
Group comparisons 
Groups were compared on demographic variables to account for possible 
confounding variables. Table 1 shows that across the conditions (i.e., MVA-related 
mTBI vs. sport-related mTBI) within each participant type (i.e., non contact-sport 
players and contact-sport players) there were no group differences on participant 
demographics. Table 1 also shows that between participant types (i.e., non contact-
sport players vs. contact-sport players) there were no group differences on 
participant demographics. 
                                                 
4 There were no differences to the statistical significance of our results when data were analyzed 
before and after imputation, with the exception of a small number of comparisons that are 
acknowledged in the table where the data are presented.   
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Non Contact-Sport Players’ Expectations and Injury Perceptions 
The data were screened to determine whether parametric analyses were 
suitable5. Skewness and kurtosis values were converted to z-scores to assess 
normality. Scores greater than a z-value of 1.96 were considered significantly non-
normal (p <.05). The MVA-related mTBI group’s data was significantly positively 
skewed for the NSI Somatic subscale, NSI Cognitive subscale, NSI total score, and 
mBIAS scale (note: the mBIAS scale was also significantly leptokurtic). All other 
variables for the MVA-related mTBI group were distributed normally, except for the 
Undesirability variable, which was significantly negatively skewed. The mTBISport 
group’s data were significantly positively skewed for all outcome variables (note: the 
mBIAS and Timeline variables were also significantly leptokurtic), except the 
undesirability variable (which was significantly negatively skewed) and the 
consequences variable (which was distributed normally). According to Levene’s test, 
the Timeline (p = .028), Consequences (p = .010) and mBIAS (p = .040) variables 
breached the assumption of homogeneity of variance.  
Influence of injury-cause on expectations in Non Contact-Sport Players. 
To investigate whether non contact-sport players had different beliefs and 
expectations of an MVA-related mTBI compared to a sport-related mTBI, a series of 
Mann-Whitney U tests (or t-tests when parametric assumptions were met) were 
conducted. The descriptive statistics for the outcome variables are presented in Table 
2. Table 2 shows that while there was a trend for participants in the MVA-related 
mTBI condition to expect more symptoms and hold more negative beliefs about the 
injury than participants in the sport-related mTBI condition, only PTSD
                                                 
5 When parametric assumptions were breached, a nonparametric equivalent test was reported. 
However, parametric tests were also conducted. No differences in the significance of the results were 
noted when parametric tests were used, with the exception of a small number of comparisons that are 
acknowledged in the table where the data are presented.  
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   Table 1 
Table 4.1 Participant Demographic Characteristics by Experimental Condition and For each Sample  
 1. Non Contact-Sport Players 
(n = 184) 
2. Contact-Sport Players 
(n = 59) 
1. vs 2.  
Sample characteristic mTBIMVA (n 
= 92) 
mTBISport  
(n = 93) 
 
p 
mTBIMVA 
(n =24) 
mTBISport  
 (n = 35) 
 
p 
Non-CSPs 
(n = 185) 
CSPs 
(n = 59) 
 
p 
Age (in years): 
    M 
    SD 
 
21.71 
6.12 
 
22.06 
5.92 
 
.188 
 
21.00 
4.72 
 
20.57 
4.55 
 
.767 
 
21.89  
6.00 
 
20.75 
4.59 
 
.286 
Male 
Female 
13.2 
86.8 
23.7 
76.3 
 
.087 
29.2 
70.8 
31.4 
68.6 
 
1.00 
18.5 
81.5 
30.5 
69.5 
 
.067 
Ethnicity:  
   Caucasian 
   Other:       
 
79.3 
20.7 
 
80.6 
19.4 
 
.926 
 
79.2 
20.8 
 
80.0 
20.0 
 
1.00 
 
80.0 
20.0 
 
79.7 
20.3 
 
1.00 
Dominant Language: 
   English 
   Other 
 
93.5 
6.5 
 
93.5 
6.5 
 
1.00 
 
87.5 
12.5 
 
88.6 
11.4 
 
1.00 
 
93.5 
6.5 
 
88.1 
11.9 
 
.261 
Years of Education 
    M 
    SD 
 
13.49 
1.45 
 
13.84 
1.84 
 
.373 
 
13.61 
1.59 
 
13.20 
1.54 
 
.170 
 
13.66 
1.66 
 
13.37 
1.56 
 
.208 
Personal knowledge:  
    No 
    Yes 
Type of recovery1: 
- With good recovery  
- With poor recovery 
- Uncertain 
 
56.5 
43.5 
 
70.0 
25.0 
5.0 
 
64.5 
35.5 
 
78.8 
15.2 
6.1 
 
 
.294 
 
 
.582 
 
29.2 
70.8 
 
64.7 
17.6 
17.6 
 
65.7 
34.3 
 
75 
8.3 
16.7 
 
 
.008 
 
 
.854 
 
60.5 
39.5 
 
74.0 
20.5 
5.5 
 
50.8 
49.2 
 
69.0 
13.8 
17.2 
 
 
.226 
 
 
.187 
Notes: N = 244. All figures represent percentages, except for the figures for the variables age and education. Cross-condition comparisons and Cross-sample comparisons 
were performed using Kruskal-Wallis tests for continuous variables and Chi-square tests for categorical tests (with a Fischer’s exact correction applied for analyses with 
violated assumptions). Bold p values indicate significance, which was evaluated at p =.05 (2-tailed). 1 = Prompt: “what sort of recovery did the person have, post mTBI?” 
CSPs = contact-sport players; mTBI = mild traumatic brain injury; mTBIMVA = vignette depicting a motor-vehicle-accident-related mTBI; mTBIsport = vignette depicting a 
sport-related mTBI; non-CSPs = non contact-sport players.  
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symptomatology, PCS affective symptoms, and beliefs about the 
consequences and undesirability of the injury were significantly different. On closer 
examination of the PCS symptomatology, at the individual item level participants 
expected to have more difficulty falling or staying asleep (U = 3301.0, p = .002, d = 
.36), to feel more anxious or tense (U = 2849.5, p < .001, d = .61), and to feel more 
depressed or sad (U = 3558.0, p = .018, d = .23) from an MVA-related than a sport-
related mTBI.  
Contact-Sport Players Expectations and Injury Perceptions. 
The contact-sport players’ data were inspected for normality and 
homogeneity of variance. The variables did not meet the normality assumption 
across both groups, with the exception of the Consequences subscale, PTSD 
Reexperiencing subscale, and Undesirability variable. The remaining variables were 
significantly positively skewed (note: the mBIAS was also significantly leptokurtic); 
however, the Cognitive subscale, PCS Total Score, PTSD Avoidance Category 
subscale, PTSD total score, and Timeline subscale were normally distributed in the 
sport-related mTBI condition. Levene’s test indicated that the variances were 
significantly different for the Timeline subscale (p = .015) and Undesirability 
variable (p = .001).  
Influence of Injury-Cause on Expectations in Contact-Sport Players. 
The descriptive statistics for the outcome variables and the Mann-Whitney U 
tests (or t-tests where appropriate) are presented in Table 3. Table 3 shows that 
contrary to expectations, there were no significant differences between contact-sport 
players’ expectations of symptomatology or injury beliefs for an MVA-related mTBI 
compared to a sport-related mTBI, with the exception of the perceived undesirability 
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and perceived consequences of the injury. No individual PCS symptom items were 
significantly different between the two groups.
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  Table 2 
Table 4.2 Mann-Whitney Comparisons of Expected Postconcussion Syndrome Symptoms, Posttraumatic Stress Disorder Symptoms and Injury 
Perceptions by Vignette Type for Non Contact-Sport Players.  
 Non contact-Sport Players 
Variables 1. mTBIMVA 
(n = 92) 
2. mTBISport 
(n = 93)                            
1 vs. 2 
(N  = 185) 
 M (SD) Mdn M (SD) Mdn U p d 
PCS Symptoms        
    Somatic 9.00 (8.39) 7 8.89 (9.72) 6 4037.5 .254 .01 
    Affective 9.92 (5.87) 10 8.07 (6.43) 7 3435.5 .010 .30 
    Cognitive 4.92 (3.71) 4 4.39 (3.93) 4 3834.0 .111 .14 
    Total Score 23.84 (16.93) 21 21.35 (19.22) 17 3706.5 .058 .14 
Injury Perceptions        
    Chronicity 13.84 (4.61) 13 12.84 (3.83) 12 3628.5 .037b .24 
    Consequences 14.60 (4.35) 14 13.12 (3.47) 12 2.565a .006 .38 
    Undesirability 3.85 (1.02) 4 3.65 (0.95) 4 3731.0 .057 .20 
PTSD Symptoms        
    Re-experiencing 13.17 (4.71)  13 10.60 (4.90) 9 2915.5 <.001 .54 
    Avoidance  15.95 (5.44)  15 13.87 (5.90) 12 3172.5 .001 .37 
    Hyper-arousal 12.24 (4.14)  12 10.40 (4.20) 10 3143.0 .001 .44 
    Total Score  41.37 (13.27)  40.27 34.87 (14.07) 30 3011.0 <.001 .48 
Atypical Symptoms 7.25 (4.00) 5.38 7.71 (5.31) 5 4089.0 .289 -.09 
Note. N =185. D = Cohen’s d for independent samples; Mdn = Median; U = Mann Whitney’s U value; PTSD = posttraumatic stress disorder; 
mTBI = mild traumatic brain injury; mTBIMVA = vignette depicting a motor-vehicle-accident-related mTBI; mTBIsport = vignette depicting a 
sport-related mTBI. Bold p values indicate significance, which was evaluated at p =.05 (p values are 1-tailed). a = t value, df = 173.52; bThis 
result was not significant when an independent samples t-test was used to analyze the data.  
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  Table 3 
Table 4.3 Mann-Whitney Comparisons of Expected Postconcussion Syndrome Symptoms, Posttraumatic Stress Disorder Symptoms and Injury Perceptions by Vignette  
Type for Contact-Sport Players 
 Contact-Sport Players 
Variables 1. mTBIMVA 
(n = 24) 
2. mTBISport 
(n = 35) 
1 vs. 2 
(N = 59) 
 M (SD) Mdn M (SD) Mdn U p d 
PCS symptoms        
    Somatic 9.18 (11.12) 5 9.16 (8.91) 6.42 398.5 .372 .00 
    Affective 8.45 (7.93) 6 7.70 (7.27) 6 393.0 .341 .10 
    Cognitive 4.29 (4.51) 2.5 4.23 (3.61) 4 408.0 .428 .02 
    Total Score 21.92 (22.67) 12.78 21.09 (19.20) 14 415.5 .474 .04 
Injury perceptions       
    Chronicity 14.21 (5.07) 12.5 12.49 (3.04) 12 361.0 .182 .44 
    Consequences 15.35 (4.56) 14.5 13.16 (4.11) 13 1.923a .030 .52 
    Undesirability 4.25 (0.74) 4 3.57 (1.31) 4 2.531b .007 .62 
PTSD symptoms       
    Re-experiencing 12.04 (5.99) 10 10.97 (4.99) 11 0.746a .230 .20 
    Avoidance  14.36 (7.19) 11.5 13.90 (5.98) 12 413.5 .462 .07 
    Hyper-arousal 11.13 (4.79) 10 10.37 (4.27) 9 380.5 .273 .17 
    Total Score  37.52 (17.38) 32.48 35.25 (14.34) 33 389.5 .321 .15 
Atypical Symptoms 8.03 (5.76) 5.40 7.68 (4.52) 5 418.0 .490 .07 
Note. N =59. D = Cohen’s d for independent samples; Mdn = Median; U = Mann Whitney’s U value PTSD = posttraumatic stress disorder; mTBI = mild traumatic brain 
injury; mTBIMVA = vignette depicting a motor-vehicle-accident-related mTBI; mTBIsport = vignette depicting a sport-related mTBI. Bold p values indicate significance, which 
was evaluated at p =.05 (p values are 1-tailed). a = t value, df = 57; b = t value, df = 55.207. 
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A Comparison of Non Contact-Sport Players and Contact-Sport Players’ 
Expectations and Injury Perceptions 
To investigate whether contact-sport players have different expectations of 
recovery following an mTBI compared to non contact-sport players, a series of 
Mann-Whitney U tests were conducted. Contrary to expectations, there were no 
significant differences between contact-sport players and non contact-sport players’ 
expectations of symptomatology and injury beliefs for a sport-related mTBI (all 
effect sizes below a Cohen’s d of .10). When comparing contact-sport players and 
non contact-sport players’ expectations and beliefs from an MVA-related mTBI, 
only a few significant differences emerged: contact-sport players perceived an 
MVA-related mTBI as significantly more undesirable than non contact-sport players, 
U = 872.0, p = .049, d = -.42, and contact-sport players expected fewer PTSD total 
symptoms, U = 851.0, p = .042, d = -.27 and PTSD Avoidance Category symptoms, 
U = 821.5, p = .027, d = -.27 than non contact-sport players. All remaining non-
significant comparisons had Cohen’s d effect sizes of less than .27. When collapsing 
over vignette type, no significant differences emerged as a function of contact-sport 
participation (all d < .15).  
The Influence of Knowledge of mTBI on Beliefs and Expectations of Outcome 
from mTBI 
Due to small group sizes, the data from the MVA-related mTBI condition 
and sport-related mTBI condition were combined. Seventy-three non contact-sport 
players (60.5%) and 29 contact-sport players (50.8%) knew someone personally who 
had sustained an mTBI. Table 4 characterizes the nature of this knowledge. 
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Table 4 
Table 4.4 Characteristics of the Mild Traumatic Brain Injury Sustained Persons Known to 
Participants 
Characteristics Non Contact-Sport 
Players 
(n = 73) 
Contact-Sport Players. 
(n = 29) 
mTBI-cause: 
   Playing Sport 
   Motor Vehicle Accident 
   Fall 
   Assault 
    Other 
 
38.4 
27.4 
17.8 
2.7 
13.7 
 
51.7 
20.7 
13.8 
6.9 
6.9 
mTBI recency: 
    Within the last month 
    Within the last year 
    More than a year ago 
    More than 5 years ago 
 
4.1 
24.7 
31.5 
39.7 
 
6.9 
20.7 
27.6 
44.8 
Relationship of Injured 
person to participant: 
    Immediate Family 
    Close friend 
    Friend/Work colleague 
    Acquaintance 
    Other 
 
27.4 
30.1 
21.9 
6.8 
13.7 
 
20.7 
13.8 
41.4 
10.3 
13.8 
Type of recovery: 
- With good recovery  
- With poor recovery 
- Uncertain 
 
74.0 
20.5 
5.5 
 
69.0 
13.8 
17.2 
Note. N = 102. In percentages. mTBI = mild traumatic brain injury.  
 
A series of Mann-Whitney tests were conducted to investigate whether 
knowing someone personally who had sustained an mTBI influenced beliefs and 
expectations of mTBI outcome. Table 5 displays the descriptive statistics comparing 
participants with and without personal knowledge of mTBI in the non contact-sport 
players group and contact-sport players group. Table 5 shows that the expectation of 
PCS symptoms (total score and all subscales) for mTBI was significantly affected by 
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personal knowledge, such that participants who knew someone personally who had 
sustained an mTBI expected less PCS symptomatology. 
 We also investigated the influence of type of recovery. Due to small group 
sizes, we pooled the results of the non contact-sport players and contact-sport 
players. Table 6 shows the descriptive statistics and Mann-Whitney U analyses that 
compared good recovery and poor recovery of the individual with mTBI known to 
the participants. Table 6 shows that those participants who knew someone with good 
recovery from mTBI expected significantly fewer PCS Affective symptoms from an 
mTBI and perceived the mTBI as significantly less undesirable than participants who 
knew someone with poor recovery from mTBI. 
The relationship between beliefs about the injury and Symptom Expectation 
To address the possibility that beliefs about an injury may account for 
differences and symptom expectations, a series of Spearman’s nonparametric 
correlations were conducted on selected variables. Table 7 presents a correlation 
matrix of selected outcomes separately for the different vignettes in each sample.  
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  Table 5 
Table 4.5 Mann-Whitney Comparisons of Expected Postconcussion Syndrome Symptoms, Posttraumatic Stress Disorder Symptoms and Injury 
Perceptions by Personal Knowledge for Each Sample 
 Non Contact-Sport Players Contact-Sport Players 
 
Variables 
1. Knowledge 
 (n = 73) 
2. No 
Knowledge 
 (n = 112) 
1. vs. 2 
(N = 185) 
3. Knowledge 
 (n = 29)          
4.No knowledge 
 (n = 30)           
3 vs. 4 
(N = 59) 
 M (SD) M (SD) U P d M (SD) M (SD) U p d 
PCS Symptoms           
    Somatic 7.24 (8.67) 10.06 (9.18) 3166 .005 -0.32 10.10 (10.45) 8.26 (9.17) 397.5 .287 0.19 
    Affective 7.76 (6.10) 9.79 (6.18) 3291 .012 -0.33 8.99 (8.26) 7.04 (6.66) 381 .209 0.26 
    Cognitive 4.00 (3.69) 5.08 (3.86) 3379.5 .023 -0.29 4.21 (3.87) 4.3 (4.12) 431.5 .480 -0.02 
    Total Score 19.00 (17.50) 24.93 (18.20) 3222.5 .007 -0.33 23.31 (21.75) 19.61 (19.40) 397.5 .287 0.18 
Injury Perceptions           
    Chronicity 12.68 (4.40) 13.74 (4.12) 3424.5 .031 -0.25 13.90 (4.45) 12.5 (3.55) 357 .119 0.35 
    Consequences 13.58 (4.31) 14.03 (3.78) 3713.5 .146 -0.11 14.91 (4.42) 13.22 (4.29) 348.5 .095 0.40 
    Undesirability 3.78 (0.99) 3.72 (0.99) 3891.5 .282 0.06 4.31 (0.85) 3.4 (1.25) 248.5 .001 0.86 
PTSD Symptoms           
    Re-experiencing 11.59 (5.19) 12.07 (4.82) 3823.5 .229 -0.10 11.17 (5.56) 11.63 (5.31) 401.5 .308 -0.09 
    Avoidance  14.04 (5.54) 15.46 (5.85) 3495 .048 -0.25 14.04 (6.90) 14.13 (6.08) 409 .349 -0.01 
    Hyper-arousal 10.61 (4.27) 11.78 (4.21) 3414.5 .029a -0.28 10.93 (4.78) 10.43 (4.21) 415.5 .385 0.11 
    Total Score  36.24 (14.15) 39.32 (13.88) 3552.5 .066 -0.22 36.15 (16.51) 36.2 (14.84) 419 .406 -0.00 
Atypical Symptoms 6.84 (3.88) 7.90 (5.14) 3721 .135 -0.23 8.21 (5.36) 7.45 (4.72) 415.5 .377 0.15 
Note. N = 244. d = Cohen’s d for independent samples; Mdn = Median; U = Mann Whitney’s U value; PTSD = posttraumatic stress disorder; mTBI = mild 
traumatic brain injury; a= This result was not significant when data were analyzed before missing data were imputed; Bold p values indicate significance, 
which was evaluated at p =.05 (p values are 1-tailed).
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  Table 6 
Table 4.6 Mann-Whitney Comparisons of Expected Postconcussion Syndrome Symptoms, Posttraumatic Stress Disorder Symptoms and Injury Perceptions by 
Personal Knowledge Recovery Type for the Combined Sample of Non Contact-Sport Players and Contact-Sport Players 
  
Variables Good Recovery 
(n = 74) 
Poor Recovery 
(n = 19) 
1 vs. 2 
(N = 93) 
 M (SD) Mdn M (SD) Mdn U p d 
PCS Symptoms        
    Somatic 7.99 (9.41) 6 8.90 (8.39) 6 599 .161 -0.10 
    Affective 7.09 (6.08) 6 10.89 (6.87) 11 464 .011 -0.62 
    Cognitive 3.71 (3.50) 2.5 5.26 (4.00) 5 536.5 .056a -0.44 
    Total Score 18.79 (18.10) 13.35 25.06 (18.50) 21 537 .057 -0.35 
Injury Perceptions       
    Chronicity 12.96 (4.17) 12 14.18 (5.02) 13 603 .171 -0.26 
    Consequences 13.60 (4.14) 13 14.70 (4.79) 13 604.5 .175 -0.28 
    Undesirability 3.74 (1.03) 4 4.42 (0.61) 4 435 .004 -0.71 
PTSD Symptoms       
    Re-experiencing 11.13 (4.95) 10 13.0 (6.07) 13 582 .125 -0.36 
    Avoidance  13.75 (5.62) 12 15.26 (6.00) 14 580 .123 -0.27 
    Hyper-arousal 10.0 (4.05) 10 11.94 (4.52) 12 537 .057 -0.42 
    Total Score  35.08 (13.70) 31.98 40.20 (16.19) 41 571 .105 -0.36 
Atypical Symptoms 7.41 (4.87) 5 6.71 (2.81) 6 623 .200 0.15 
Note. N = 93. d = Cohen’s d for independent samples; Mdn = Median; U = Mann Whitney’s U value; PTSD = posttraumatic stress disorder; 
mTBI = mild traumatic brain injury. a=This result was significant when an independent samples t-test was used to analyze the data. Bold p values 
indicate significance, which was evaluated at p =.05 (p values are 1-tailed) 
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Table 7 
Table 4.7 Spearman’s Correlation Matrix Depicting the Relationship between Injury Perceptions and Expected Symptomatology in Each Vignette Type 
and for Each Sample  
 
Variables 
Non Contact-Sport Players 
(N = 185) 
 Contact-Sport Players 
(N = 59) 
 1. 2. 3. 4. 5. 6.  1. 2. 3. 4. 5. 6. 
mTBIMVA (n = 92)       mTBIMVA (n = 25)   
1. Chronicity 1.00       1.00      
2. Consequences .723*** 1.00      .626** 1.00     
3. Undesirability .054 .013 1.00     .235 .046 1.00    
4. NSI- Total .305** .394*** -.007 1.00    .207 .228 .058 1.00   
5. PCL-C- Total .324** .389*** -.024 .836*** 1.00   .315 .382 .308 .871*** 1.00  
6. mBIAS .138 .239*c -.005 .673*** .601*** 1.00  .186 .153 .288 .777*** .840*** 1.00 
(continued) 
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Variables Non Contact-Sport Players 
 
 Contact-Sport Players 
 
 1. 2. 3. 4. 5. 6.  1. 2. 3. 4. 5. 6. 
mTBISport (n = 93)       mTBISport (n = 35)   
1. Chronicity 1.00       1.00      
2. Consequences .534*** 1.00      .414* 1.00     
3. Undesirability .235* .283** 1.00     .418* .398*a 1.00    
4. NSI- Total .184b .257* .330** 1.00    .153 .616*** a .239 1.00   
5. PCL-C- Total .212* .216* .247* .854*** 1.00   .134 .566*** .270 .916*** 1.00  
6. mBIAS .090 .091 .233*c .756*** .650*** 1.00  -.006 .477**c .046 .785*** .747*** 1.00 
Note. N = 244. *** p <.001 ** p <.01 * p <.05. mBIAS = mild Brain Injury Atypical Symptoms Scale; NSI = Neurobehavioral Symptom Inventory; PCL-C = PTSD 
Checklist- Civilian. mTBIMVA = vignette depicting a motor-vehicle-accident-related mTBI; mTBIsport = vignette depicting a sport-related mTBI a= These results were not 
significant when data were analyzed before missing data were imputed; b= This result was significant when data were analyzed before missing data were imputed; c These 
results were significant when a Pearson’s correlation was used to analyze the data. 
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Discussion 
 This study investigated the influence of the cause of an mTBI on expected 
mTBI outcome and examined whether expectations vary according to personal 
knowledge of mTBI or between contact-sport players and non contact-sport players. 
These questions are important to clarify the nature of the expectation factor 
identified in Iverson’s biopsychosocial model of poor outcome from mTBI (Iverson, 
2012).    
We hypothesized that an mTBI sustained in an MVA would result in greater 
expectation of symptomatology and more negative beliefs about the injury than an 
mTBI sustained from sport. For non contact-sport players, the results from our study 
were largely in the direction hypothesized. Participants held significantly more 
negative beliefs about the chronicity and consequences of the injury and expected 
significantly more symptoms on the affective subscale of the NSI and all PCL-C 
scales for an MVA-related mTBI than a sport-related mTBI. However, there were no 
significant differences on most PCS symptom subscales (i.e., somatic and cognitive 
symptoms). The hypothesis was not supported in the contact-sport playing sample 
(i.e., expectations from an MVA-related mTBI and a sport-related mTBI were rated 
similarly), with the exception that contact-sport players viewed the MVA-related 
mTBI as significantly more undesirable and as having more severe consequences 
than the sport-related mTBI. For non contact-sport players, these findings suggest 
that there may be factors unrelated to mTBI injury parameters that influence beliefs 
and expectations from an mTBI.  
The finding that PTSD symptoms and PCS Affective symptoms varied, but 
not other PCS symptoms types, may suggest that participants attended to the 
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traumatic circumstances of the injury. These findings can be interpreted within 
Mittenberg and colleagues’ (1992, p. 203) original four stage etiological sequence of 
PCS: During the first stage, Mittenberg and colleagues state that “The concussion is 
inherently stressful and also normally induces autonomic/emotional arousal”. The 
findings from our study suggest that participants anticipate greater emotional arousal 
(i.e., PTSD symptomatology and affective symptomatology) from an MVA-related 
mTBI than a sport-related mTBI. In keeping with Mittenberg and colleagues’ 
etiological sequence, it is possible that these traumatic circumstances compound the 
expectation as etiology effect, particularly if they make an individual more vigilant 
in observing bodily symptoms (stage two) and to perceiving those symptoms as 
related to the mTBI (stage three). The fourth stage involves the elicitation of 
additional autonomic/emotional response that reinforces expectation. This sequence, 
which has been referred to as “a cyclical symptom-expectation-stress-reactivity 
reinforcement pattern” (Ferguson et al., 1999, p.583), may therefore be more salient 
after a traumatic injury event.  
The finding that participants expected significantly more affective symptoms 
and PTSD symptomatology from an MVA-related mTBI than a sport-related mTBI 
is also consistent with the findings of a recent study that investigated the contribution 
of psychological trauma to actual outcome from TBI (Mathias et al., 2013). Mathias 
et al. (2013) found that patients who sustained a TBI in an assault (psychologically 
traumatizing cause) reported poorer psychosocial and emotional outcomes than 
patients who sustained a TBI in a sporting incident (non-psychologically 
traumatizing cause). These authors suggested that injury cause should be considered 
in clinical settings. Our findings also suggest that injury cause may be important 
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given that expectations (a known contributor to outcome) vary according to this 
factor.  
 We also hypothesized that contact-sport players would expect less 
symptomatology and have less negative beliefs about mTBIs than non contact-sport 
players. This hypothesis was not supported, with the exception that contact-sport 
players expected less overall PTSD symptoms and avoidance subscale symptoms 
from an MVA-related mTBI, and viewed the MVA-related mTBI as being more 
undesirable than non contact-sport players. These results are not consistent with 
Gunstad and Suhr’s (2001) results, which showed that athletes expected fewer PCS 
symptoms from a MVA-related mTBI than healthy controls. Whilst some 
researchers have continued to suggest that athletes have different expectations for 
recovery from mTBI, our results suggest that contact-sport players do not have 
different mTBI injury expectations of sport or MVA-related injuries than non 
contact-sport players. The inconsistent results may be due to the recent increased 
focus on potential long term negative consequences from multiple concussions 
highlighted in research and the media (Gardner, Iverson, & McCrory, 2013; 
Partridge & Hall, 2013) or the increased awareness of the growth in computerized 
tests for baseline testing (e.g., Iverson, Brooks, Collins, & Lovell, 2006). This 
increased focus on the long term consequences of cumulative concussion may have 
reduced or negated any positive expectations formed by athletes who see their team 
mates typically recover quickly from concussion. Given this study’s contradictory 
findings to that of Gunstad and Suhr’s (2001) study, we suggest that further research 
in this area is undertaken to clarify how contact-sport participation influences 
expectations.  
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 Gunstad and Suhr (2001) had explained their findings regarding the 
differences in athletes’ expectations compared to healthy controls in terms of 
athletes’ greater (and more positive) experience with mTBI. We undertook a 
comprehensive examination of our participants’ experience with mTBI to address 
this possible explanation. We found that having personal knowledge of someone 
with an mTBI influenced participants’ beliefs and expectations differently in our two 
participant samples: Non contact-sport players with personal knowledge of mTBI 
expected fewer PCS symptoms of all types, a less chronic course of recovery, and 
fewer PTSD avoidance and hyper-arousal symptoms than participants without this 
personal knowledge, yet no such differences were observed for contact-sport players. 
In fact, the trend that was observed for contact-sport players was in the opposite 
direction. Contrary to expectations, when taking into consideration the type of 
recovery experienced by the person who had sustained an mTBI, only PCS affective 
symptomatology and perceived undesirability was significantly affected. 
Unfortunately, due to small sample sizes, we had to pool the data across our 
participant types. The overall trend was for participants to have less negative beliefs 
and expect less severe symptomatology when they personally knew someone who 
had sustained an mTBI with good recovery. We suggest that it is important to 
consider a patient’s personal experience with mTBI, as this factor may influence 
expectations. In this study, experience with mTBI affected some, but not all 
measured outcomes. 
 We also investigated whether injury beliefs were related to expectation of 
chronic symptoms. Gunstad and Suhr (2001) suggested that the perceived 
desirability of the injury may account for variability in PCS expectations. However, 
this study found that undesirability was only significantly positively correlated with 
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non contact-sport players’ expectation of PCS and PTSD symptoms from a sport-
related mTBI. There was a trend for the beliefs about chronicity and consequences to 
be positively associated with the expectation of PTSD and PCS symptoms. This 
finding is in line with the findings of Whittaker, Kemp, and House (2007) who found 
that patients who held negative beliefs about the consequences of the injury were 
more at risk of experiencing persistent PCS symptoms. We argue that it is important 
to consider patients’ perception of their injury as well as their expectations of 
symptoms.  
 This study has several limitations. Foremost, the extent that the sample 
generalizes to the general population and clinical samples is unknown. Second, both 
samples were disproportionally comprised of females. Whilst the number of men 
who sustain an mTBI outnumbers females (Cassidy et al., 2004), female gender has 
generally been identified as a risk factor for the development of PCS (e.g., Bazarian 
et al., 1999; McCauley, Boake, Levin, Contant, & Song, 2001). Therefore, an 
examination of the expectations of females is important. Furthermore, the gender 
distribution is consistent with other expectation studies (e.g., Gunstad & Suhr, 2001). 
Another limitation of this study is the small sample size for contact-sport players. A 
larger sample would have allowed an examination of the influence of the type of 
sport played on the expectation of outcome from injury. It is possible that players of 
so-called “collision” sports (e.g., rugby league, martial arts) may have different 
expectations of outcome than players of limited contact-sport such as basketball or 
soccer because players of collision sports would be more frequently exposed to 
teammates who sustain an mTBI. Additionally, even though our experiment only 
manipulated one variable, injury-cause, we could not quantify how different factors 
(e.g., perceived litigation value) included in Iverson’s (2012) conceptualization of 
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outcome from mTBI may have influenced participants’ response to these vignettes. 
Another limitation of our study is that our sport-related mTBI vignette, whilst 
consistent with our MVA-related mTBI vignette, is likely not representative of a 
typical sports concussion that often only involves brief or no loss of consciousness. 
Finally, we did not assess other mTBI causes (i.e. falls, assault, or blasts) that may 
also impact upon perceptions and expectations of mTBI. 
 Although mTBI is a heterogeneous injury, clinicians and researchers may not 
adequately consider the injury cause as a variable that can have a significant 
influence on outcomes. This study has shown that even when injury parameters are 
held constant, people’s outcome expectations vary according to the injury context. If, 
as this study suggests, the traumatizing circumstances surrounding an mTBI heighten 
expectation of negative consequences, then individuals who sustain an mTBI in such 
circumstances may benefit from targeted intervention. Personal knowledge of mTBI 
was also shown to influence the expectation of PCS symptoms (such that those 
people who knew someone who had sustained an mTBI expected less PCS 
symptoms than those who did not). Although further empirical testing is needed, this 
could suggests that accurate information about mTBI, which could potentially be 
delivered through information brochures or advice from medical professionals, may 
benefit patients who otherwise have limited experience with mTBI. Finally contact-
sport players did not have markedly different expectations for mTBI outcome 
compared to non contact-sport players, suggesting that contact-sport participation 
may not reduce individuals’ vulnerability to mTBI expectancies. Overall, the results 
of this study highlight the need to consider the contribution non-injury related factors 
to mTBI.  
(Ameri999; Caplan et al., 2010; Carroll, Cassidy, Holm, et al., 2004; Cassidy et al., 20 Cicerone & Kalmar, 1995; Cooper et al., 2011; Ferrari, Constantoyannis, et al., 2001; Ferrari, Obelieniene, et al., 2001; Fox‐Wasylyshyn & El‐Masri, 2005; Gardner et al., 2013; Gunstad & Suhr, 2001, 2002, 2004; Iverson, 2012; Iverson, Brooks, Collins, & Lovell, 2006; Iverson, Lange, et al., 2010; Luethcke, Bryan, Morrow, & Isler, 2010; Mackenzie & McMillan, 2005; Mathias, Harman-Smith, Bowden, Rosenfeld, & 
Bigler, 2013; McCauley et al., 2001; Mittenberg et al., 1992; Moss-Morris et al., 2002; Mulhern & McMillan, 2006; Oppenheimer et al., 2009; Partridge & Hall, 2013; Sigurdardottir, Andelic, Roe, Jerstad, & Schanke, 2009; Suhr & Wei, 2013; K. A. Sullivan & Edmed, 2012a, 2012b; K. A. Sullivan et al., 2013; K.A. Sullivan et al., 2014; Whittaker et al., 2007; Wilde et al., 2010)  
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Chapter 5:  Diagnostic Terminology Is Not Associated with Contact-
Sport Players’ Expectations of Outcome from Mild Traumatic 
Brain Injury 
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Abstract 
Objective: To investigate the influence of the diagnostic terms ‘concussion’ and 
‘mild traumatic brain injury’ (mTBI) on contact-sport players’ injury perceptions 
and expected symptoms from a sport-related mTBI. Methods: 122 contact-sport 
players were randomly allocated to one of three conditions in which they read a 
sport-related mTBI vignette that varied only according to whether the person 
depicted in the vignette was diagnosed with concussion (n = 40), mTBI (n = 41), or 
received no diagnosis (control condition; n = 41). After reading the vignette, 
participants rated their injury perceptions (perceived undesirability, chronicity, and 
consequences) and expectations of postconcussion syndrome (PCS) and 
posttraumatic stress disorder (PTSD) symptoms six months postinjury. Results: 
There were no significant differences in contact-sport players’ injury perceptions or 
symptom expectations from a sport-related mTBI when it was diagnosed as an 
mTBI, concussion, or when no diagnosis was given. Conclusions: Diagnostic 
terminology did not have a potent influence on symptom expectation and injury 
perceptions in this sample.   
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Diagnostic Terminology is Not Associated with Contact-Sport Players’ Expectations 
of Outcome from Mild Traumatic Brain Injury 
Introduction 
Mild traumatic brain injury (mTBI) is a common neurological condition that 
can result in a significant financial and health burden to individuals and society 
(Coronado, McGuire, Faul, Sugerman, & Pearson, 2013; de Guise et al., 2010). 
MTBIs sustained in a sporting context are of particular concern given the increased 
risk of sustaining such an injury during play (Echemendia & Julian, 2001). Data 
from the United States suggest that sport-related TBI has an average annual 
incidence rate of 31.5 per 100,000, with 93.2% of those TBIs being of mild severity 
(Selassie et al., 2013). Given the scale of this problem, continuing research into the 
factors that will improve the evaluation and management of sport players who 
sustain an mTBI is needed.  
It is recognized that outcome from mTBI is influenced by the injury and a 
range of pre- and post-injury neurological and psychosocial factors, which have been 
included in a biopsychosocial conceptualization of outcome from mild traumatic 
brain injury (Iverson, Silverberg, Lange, & Zasler, 2013). Within this model, there 
are a number of interrelated social psychological factors, including expectation, 
iatrogenesis, and diagnosis threat. These factors are arguably influenced by the use 
of diagnostic terminology, although diagnostic terminology per se is not yet 
explicitly recognized the model. The appropriateness of the nomenclature used to 
describe such injuries continues to be debated because of inconsistent use of terms 
by clinicians and researchers (DeMatteo et al., 2010; McCrory, 2001). Although 
there is growing evidence in support of the idea that diagnostic terminology can 
influence expected mTBI outcome (Weber & Edwards, 2010), due to the limited 
research in this area the nature and extent of the effect remains unclear.  
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Table 1 provides an overview of the literature investigating diagnostic 
terminology on expected and actual outcome from mTBI. Table 1 includes studies of 
mTBI from various causes, including one study that is nominally of sport-related 
mTBI (Weber & Edwards, 2010). The studies in Table 1 can be categorized into one 
of three areas, namely, those that examine the effect of diagnostic terms on: a) 
parental perceptions of childhood injury; b) community perceptions of adult injury; 
and c) university athletes’ perceptions of sport-related injuries. The studies that focus 
on parental perceptions indicate that terminology may change parental perceptions of 
the severity of the injury. When the term mTBI and concussion are viewed as 
‘nonequivalent’, the term mTBI is typically viewed as more concerning for parents 
than the term concussion (Gordon, Dooley, Fitzpatrick, Wren, & Wood, 2010). This 
area of research also reveals that diagnostic terminology can influence return-to-play 
decisions, with the term mTBI resulting in a longer interval before parents are 
willing to return their child to play (Raugust & Latter, 2013).  
The adult injury studies from Table 1 show that terminology can influence 
the stigmatization by members of the public of adults who have sustained an mTBI 
(McKinlay, Bishop, & McLellan, 2011; McLellan, Bishop, & McKinlay, 2010). That 
is, when a hypothetical person with a history of mTBI is labeled as brain injured as 
opposed to head injured, the public is more likely to associate that person with more 
negative attributes (McKinlay, et al., 2011; McLellan, et al., 2010). Similarly, when 
the public rated perceptions of a motor vehicle accident (MVA) related injury that 
was diagnosed as an mTBI as opposed to a diagnosis of minor head injury or 
concussion, they typically perceive worse consequences (Sullivan, Edmed, & 
Kempe, 2014), unless the diagnosis is conveyed with other information (i.e., in a 
brochure; Kempe, Sullivan, & Edmed, 2013).  
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To the authors’ knowledge, only one study has investigated the influence of 
diagnostic terminology on athletes’ expectations of outcome from mTBI. Weber and 
Edwards’ (2010) study administered three identical surveys that varied only in the 
terminology used (i.e., concussion, mTBI, and minor head injury) to a mixed sample 
of contact-sport (53%) and non contact-sport playing athletes drawn from a 
university sample. These authors found that the terminology mTBI was least familiar 
to athletes and it was associated with a number of more negative attributes about the 
injury than the terms concussion or minor head injury. Specifically, compared to the 
terms concussion or minor head injury, the term mTBI was associated with 
expectation of learning difficulties and depression, an increased likelihood of second 
injury and greater vulnerability to that injury, and an expectation that recovery may 
take longer than one week. Although these findings are generally consistent with the 
findings in other groups, there is a dearth of studies in sport-playing samples, and as 
yet no independent replication of the findings.  
Furthermore, the study by Weber and Edwards (2010) was constrained by a 
number of limitations, some of which are common to other studies in this area (see 
Table 1). When measuring the influence of terminology on expectations, their study: 
a) used a single item to assess outcome (as opposed to a standardized scale); b) did 
not include a control group (i.e., a group that did not receive a diagnosis); and, c) 
included a mixed sample of contact and non contact-sport playing athletes with and 
without a history of mTBI. Additionally, as with other studies in this area, the study 
did not fully control the injury context details, such as injury severity. Participants 
were instructed to reflect on an injury they associated with the term. It is possible 
that the effects found in the Weber and Edwards’ study could be due to perceived 
injury severity, rather than terminology itself, given that injury severity has been 
shown to influence expectations of mTBI (Sullivan & Edmed, 2012).  
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Table 1 
Table 5.1 Literature That Has Examined the Effect of Diagnostic Terminology on Injury Perceptions, and Actual or Expected Symptoms from a Mild 
Traumatic Brain Injury  
Author(s) 
(Year) 
Category Participants Terms Outcome Measure(s) Depiction of injury 
context 
Key Findings 
Gordon et al., 
(2010) 
Parental 
perceptions of 
pediatric injury 
1734 parents Concussion 
Minor TBI 
MTBI 
Two single-items: 1) 
Rating of ‘equivalent, 
better, or worse’; 2) 
rating of magnitude of 
nonequivalence (e.g., 
2x worse through to 
100x worse).  
Vignette with no 
injury parameter 
details (e.g., length of 
LOC).  
 
Vignette varied age of 
child (preadolescent 
vs adolescent) and 
mechanism of injury 
(accidental fall vs 
playing sport).  
Most parents (50.9%) 
viewed terms as equivalent, 
but when terms viewed as 
nonequivalent, concussion 
was perceived as “better” (or 
“less worse”) than other 
terms.  
 
Vignette variations (e.g., 
mechanism of injury) 
revealed no significant 
effects.  
McKinlay et 
al., (2011) 
Community 
perceptions of 
adult injury 
103 members of the 
public (28.3% 
previously 
concussed) 
Brain Injury 
Head Injury 
 
Rating of whether the 
respondent associated 
words from a list of 
positive and negative 
attributes (e.g., kind, 
aggressive, negative, 
positive) to the injury. 
Terminology was 
embedded in a 
questionnaire.  
The term ‘negative’ more 
associated with ‘brain 
injury’ than ‘head injury’.  
McLellan et 
al., (2010)  
Community 
perceptions of 
adult injury 
103 members of the 
public 
Brain Injury  
Head Injury 
 
Explicit measure: 
Rated 10 
characteristics on a 7-
point scale (e.g., 
Vignette with no 
injury parameter 
details (e.g., length of 
LOC).  
The term ‘brain injury’ was 
associated more negatively 
than head injury on 6/10 
attributes measured on the 
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Intelligent/stupid).  
Implicit Measure: 
Implicit Association 
Test 
 
 explicit survey. No 
significant negative implicit 
association observed 
between terms.  
 
Weber & 
Edwards 
(2010) 
Athlete 
perceptions of 
sport-related 
injury 
224 university 
athlete students 
(57.6% contact-
sport).  
Concussion 
MTBI 
MHI 
Expectations:  
 
29 statements that 
participants rated for 
‘truthfulness’ (e.g., 
“Recovery from a 
[term] is usually 
complete in about a 
week”).  
 
Term familiarity: 
‘Yes’ or ‘no’ and 
familiarity source.  
 
 
Actual Symptoms:  
RPQ, HADS, 
PANAS, 11-point 
pain scale.  
Terminology was 
embedded in a 
questionnaire. 
Compared to the 
terminology of concussion 
and mHI, mTBI was 
significantly more associated 
with 1) expected learning 
difficulties, 2) depression, 3) 
likelihood of second injury; 
4) more vulnerable to second 
injury; 5) disagreement that 
recovery will be complete 
within a week, and 6) 
disagreement that people 
will be ‘just like new’ in 
several weeks.  
 
MTBI least familiar term, no 
significant differences 
between concussion and 
MHI familiarity.  
 
Sullivan et al., 
(2014) 
Community 
perceptions of 
adult injury 
82 predominantly 
university students 
with no history of 
mTBI  
mTBI 
MHI 
Concussion 
No diagnosis 
NSI, Consequences 
and Timeline 
subscales of the IPQ-
R, and 5-point rating 
of perceived injury 
desirability.  
Vignette that depicted 
a MVA-mTBI with 
injury details (e.g., 
length of LOC and 
PTA) that would meet 
the WHO Operational 
Definition of an 
mTBI and ‘no diagnosis’ 
conditions generally 
associated with greater 
expected PTSD symptoms, 
perceived as more 
undesirable, and as having 
greater consequences and 
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mTBI chronicity than concussion 
and MHI.  
 
No significant effect of 
terminology on PCS 
symptom expectations, 
except affective cluster (no 
diagnosis > concussion).  
Kempe et al., 
(2013) 
Community 
perceptions of 
adult injury 
62 predominately 
university students 
with no history of 
mTBI 
mTBI 
Concussion 
NSI, Consequences 
and Timeline 
subscales of the IPQ-
R, and 5-point rating 
of perceived injury 
desirability. 
Vignette that depicted 
a MVA-mTBI with 
injury details (e.g., 
length of LOC and 
PTA) that would meet 
the WHO Operational 
Definition of an 
mTBI; and, 
terminology 
embedded in an 
Emergency 
Department discharge 
Information brochure. 
The terminology concussion 
was associated with greater 
PCS symptoms (except 
affective PCS symptoms) 
than the term mTBI.  
 
No significant effect of 
terminology on injury 
perceptions of chronicity and 
consequences.  
Raugust & 
Latter (2013) 
Parental 
perceptions of 
pediatric injury 
1409 parents Concussion 
mTBI 
‘concussion, 
which is a form 
of mTBI’ 
Single item that 
measured the number 
of days, weeks, 
months or years the 
respondent would 
wait before returning 
their child to play.  
Vignette depicting a 
sport-related 
mechanism of injury, 
but with no injury 
parameter details.  
 
Parents nominated fewer 
days before they felt their 
child would be ready to 
return-to-play when the 
terminology concussion was 
used compared to other 
diagnostic terminology 
(which did not significantly 
differ) 
Note. HADS = Hospital Anxiety and Depression Scale; IPQ-R = Revised Illness Perception Questionnaire; LOC = loss of consciousness; MHI = minor head injury; mTBI = mild traumatic brain injury; MVA-mTBI = 
motor vehicle accident related mild traumatic brain injury; NSI = Neurobehavioral Symptom Inventory; PANAS = The Positive and Negative Affective Schedule; PCS = postconcussion syndrome; PTA = 
posttraumatic amnesia; PTSD = posttraumatic stress disorder; RPQ = Rivermead Post-Concussion Symptom Questionnaire; WHO = World Health Organization. 
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Given the limitations of Weber and Edwards’ (2010) study (particularly the 
possibility that the results are confounded by the failure to control injury severity), 
and the dearth of studies in this area, we contend that further research is needed to 
understand the influence of terminology on athlete injury perceptions and symptom 
expectations. An examination of injury perceptions is particularly important because 
injury perceptions have been identified as important malleable predictors of outcome 
from mTBI (Whittaker, Kemp, & House, 2007). This further research is especially 
needed in athlete samples because there may be motivational (e.g., desire to return-
to-play; McCrea, Hammeke, Olsen, Leo, & Guskiewicz, 2004) and other factors 
(e.g., increased exposure to mTBIs and the 'typical' recovery; Suhr & Wei, 2013, and 
more familiarity with the term concussion; Weber & Edwards, 2010) that are 
specific to this population that present problems when generalizing results from 
community samples.  
The purpose of this study was to investigate the influence of commonly used 
diagnostic terms on injury perceptions and expectations of chronic symptoms after 
exposure to a standardized sport-related mTBI. There is little clarity in the existing 
literature regarding the expected direction of results. However, given that several 
studies suggest that the term mTBI is perceived more negatively than other terms, it 
was hypothesized that contact-sport players would hold more negative injury 
perceptions and expect greater symptom disturbance from a sport-related injury that 
was diagnosed as an ‘mTBI’ compared to ‘concussion’ or an undiagnosed injury.  
 
Method 
Participants 
 Participants were 122 predominantly young adult undergraduate students 
from Queensland University of Technology (Mage = 20.01, SD = 3.63; 67.2% female) 
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who self-reported regularly playing a contact-sport. Excluded from this group were 
participants who a) self-reported a history of the following: mild traumatic brain 
injury/concussion; neurological disease or disorder; and, treatment (medical or 
psychological) for a mental health disorder in the previous 12 months (n = 5); b) 
self-reported playing a non contact-sport (e.g., swimming, rowing, volleyball, 
badminton, dance, step aerobics, acrobatic gymnastics; n = 11); c) were 16 years of 
age or younger (n = 1); d) submitted an invalid protocol (n = 6), or; e) did not 
understanding task instruction (n = 2). Participants who were included reported 
playing a range of contact-sports, including: Soccer (n = 34); Rugby League, Rugby 
Union, Gridiron or Australian Rules Football (n = 23); Basketball (n = 10); Netball 
(n = 10); Touch Football (n =9); Hockey (n = 16); Martial Arts (n = 12); Boxing (n 
= 3); Water Polo (n = 3); and European Handball (n =1) as their main sport6. 
Demographic data by condition are presented in Table 2. Table 2 shows that the 
groups did not differ by demographic variables; however, compared to the other 
conditions, there were significantly more participants in the mTBI condition who 
personally knew someone who had sustained an mTBI. The first-year psychology 
participant pool was the main source of recruitment; however, emails and study 
flyers were also used to advertise the study to increase sample diversity.  
 
 
 
  
                                                 
6 One participant had missing data for this question 
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Table 2 
 
Table 5.2 Participant Demographic Characteristics in Each Experimental Condition and the 
Statistical Significance of Cross-Condition Comparison 
 
 
Sample characteristic 
No Diagnosis
(n = 41) 
% 
Concussion 
(n = 40) 
% 
mTBI 
(n = 41) 
% 
 
p  
Age (in years): 
    M (SD) 
 
21.29(5.08) 
 
19.40(2.06) 
 
19.32(2.73) 
 
.196 
Gender: 
   Male  
   Female 
 
36.6 
63.4 
 
35.0 
65.0 
 
26.8 
73.2 
 
.654 
Ethnicity:  
   Caucasian 
   Other:       
 
82.9 
17.1 
 
85.0 
15.0 
 
80.5 
19.5 
 
1.00 
Dominant Language: 
   English 
   Other 
 
90.2 
9.8 
 
85.0 
15.0 
 
95.1 
4.9 
 
.281 
Years of Education 
    M (SD) 
 
13.32(1.50) 
 
12.97(1.08) 
 
13.22(1.68) 
 
.831 
Personal knowledge of mTBI: 
    No 
    Yes 
Type of recovery1: 
     - With good recovery 
     - With poor recovery 
     - Uncertain 
 
65.9 
34.1 
 
85.7 
7.1 
7.1 
 
47.5 
52.5 
 
71.4 
14.3 
14.3 
 
36.6 
63.4 
 
84.6 
3.8 
11.5 
 
.029 
 
 
.711 
 
Frequency of Play 
     - More than once per week 
      - Once per week 
      - Once per fortnight 
      - Once per month 
Competition level 
    - Professionally 
    - University level 
    - National/State level 
    - Amateur 
 
51.2 
31.7 
4.9 
9.8 
 
2.5 
10.0 
0 
85.4 
 
52.5 
40.0 
5.0 
2.5 
 
2.5 
15.0 
2.5 
80.0 
 
 
46.3 
41.5 
9.8 
2.4 
 
4.9 
7.3 
12.2 
75.6 
 
 
.685 
 
 
 
 
.114 
Atypical Symptoms (mBIAS score) 
    M (SD) 
 
7.72(4.91) 
 
8.65(6.5) 
 
6.84(3.74) 
 
.899 
Note: N = 122. Cross-condition comparisons and Cross-sample comparisons were 
performed using Kruskal-Wallis tests for continuous variables and Chi-square tests 
for categorical tests (with a Fischer’s exact correction applied for analyses with 
violated assumptions). Bold p values indicate significance, which was evaluated at p 
=.05 (2-tailed). 1 = Prompt: ‘what sort of recovery did the person have, post-
mTBI?’; mTBI = mild traumatic brain injury. mBIAS = mild brain injury atypical 
symptoms scale 
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Materials and Main Outcome Measures 
Sport-mTBI vignette (Edmed & Sullivan, 2014). The Sport-mTBI vignette 
conveys an injury that is sustained during sporting play that would meet the World 
Health Organization definition of an mTBI (Carroll, Cassidy, Holm, Kraus, & 
Coronado, 2004). The vignette asks participants to imagine that they were playing 
sport about six months ago when they collided with another player. The vignette 
depicts an mTBI that is characterized by the following injury parameters: a) loss of 
consciousness of 15 minutes; b) posttraumatic amnesia that lasts less than a day; and 
c) clinical features indicative of a Glasgow Coma Scale score of between 13-15.  
Symptom expectations.  
Neurobehavioral Symptom Inventory (NSI; Cicerone & Kalmar, 1995). 
The NSI is a 22-item measure that is used to assess postconcussion symptoms. The 
NSI is recommended as a supplemental measure to assess the outcome domain of 
TBI-related symptoms by the interagency Traumatic Brain Injury Outcome 
Workgroup (Wilde et al., 2010). The inventory asks respondents to rate how much 
the symptoms (e.g., “feeling dizzy”) had disturbed them on a 5-point scale (none to 
very severe) since the injury. In this study, the scale was modified to be consistent 
with the PTSD Checklist–Civilian Version (PCL-C; see below) and asked 
participants to rate each symptom on how much it had disturbed them in the past two 
weeks on a 5-point scale from 0 (not at all) to 4 (extremely). The NSI has been 
shown to have very strong psychometric properties (King et al., 2012; Meterko et al., 
2012). The total score was calculated by summing participants’ responses to each 
item and could range from 0-88, with a higher score indicating greater PCS symptom 
disturbance. Domain scores were calculated using the clusters identified by Caplan 
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and colleagues (2010). There were three PCS domains: somatic/sensory, cognitive, 
and affective symptoms.  
PTSD Checklist-Civilian (PCL-C; Weathers, Litz, Herman, Huska, & 
Keane, 1993). The PCL-C is a 17-item measure that is used to assess PTSD 
symptoms. Respondents are asked to rate how much the PTSD symptoms (e.g., 
Feeling jumpy or easily startled) had disturbed them in the past two weeks on a 5-
point scale from 1 (not at all) to 5 (extremely). The PCL-C has been shown to have 
strong psychometric properties (Ruggiero, Del Ben, Scotti, & Rabalais, 2003). The 
PCL-C total score was calculated by summing participants’ responses to each item 
and could range from 17-85, with a higher score indicating greater PTSD symptom 
disturbance. The PCL-C maps on to the criteria for PTSD from the Diagnostic and 
Statistical Manual of Mental Disorders Fourth Edition (DSM-IV; American 
Psychiatric Association, 2000). Cluster scores were calculated by summing the items 
that comprised the DSM-IV PTSD symptom categories; that is Rexpereincing 
Cluster (Category B), Avoidance Cluster (Category C) and Hyper-arousal cluster 
(Category D).  
Injury perceptions.  
The Revised Illness Perception Questionnaire (IPQ-R; Moss-Morris et al., 
2002). The IPQ-R is used to measure patients’ representations of their illness. In this 
study, the Timeline (six items, three reverse scored) and Consequences (six items, 
one reverse scored) subscales of the IPQ-R were used to assess participants’ 
perceptions of the depicted injury. The Timeline subscale measures how long the 
respondent believes the illness will last (acute vs chronic) and the Consequences 
subscale measures the respondent’s expectations of the effects the injury on physical, 
social, and psychological wellbeing. Minor modifications were made to adapt items 
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for this particular injury and research setting (e.g., ‘illness’ was reworded to 
‘injury’), as recommended by the scale authors (Moss-Morris, et al., 2002). Items 
were rated on a 5-point response scale (1 = strongly disagree to 5 = strongly agree). 
Both scales’ total scores could range from 6-30, with higher scores indicating more 
strongly held beliefs about the injury’s chronicity (Timeline subscale) or negative 
consequences (Consequences subscale).  
Perceived injury desirability. Perceived desirability was measured using a 
single-item, which asked participants to rate how undesirable they would find such 
an experience, using a 5-point response scale (1 = Not at all undesirable, 5 = 
Extremely undesirable).  
Procedure 
 A standard battery and procedure was utilized for this study (e.g., Edmed & 
Sullivan, 2014; Sullivan, Edmed, & Kempe, 2013). According to this protocol, once 
consented, participants entered an online study administered by KeySurvey 
(WorldAPP, Version 8.2; 2013). First, participants completed a preexperimental 
questionnaire to collect standard demographic and medical history data. Participants 
then received instruction that some of the study questions would assess effort (i.e., 
whether they followed study instructions, read items, attended to the experimental 
manipulation, etc.). KeySurvey’s randomization plug-in was used to randomly 
allocate participants to one of three conditions: participants read either the Sport-
mTBI vignette with: 1) a ‘concussion’ diagnosis, 2) a ‘Mild Traumatic Brain Injury’ 
diagnosis; or, 3) without a diagnosis (control condition). The diagnosis was 
presented in a sentence that followed the vignette (e.g., in the concussion group: 
“Based on your injury, you were given a diagnosis of a CONCUSSION”). No 
diagnostic sentence was provided for the control condition.  
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Exposure to the vignette and diagnostic sentence was not timed, but before 
participants could advance to the main questionnaire, they were required to assign to 
the injury a rating of perceived desirability. Participants were then instructed to first 
complete the IPQ-R Timeline and Consequences subscales, followed by the 
integrated NSI, PCL-C, and Mild Brain Injury Atypical Symptoms Scale (mBIAS; 
Cooper, Nelson, Armistead-Jehle, & Bowles, 2011)7. Participants completed these 
measures according to how they thought the person depicted in the vignette would 
respond six months after the incident. The integrated scales also contained three 
instructional manipulation check (e.g., ‘please select not at all as your response to 
this question’) as per Oppenheimer, Meyvis, and Davidenko (2009) to check for a 
valid response pattern. Finally, participants were instructed to complete a series of 
post-experimental questionnaires ‘out of character’ to ensure the experimental 
manipulation operated as intended, and to characterize their contact-sport 
participation and whether or not they personally knew someone who had sustained 
an mTBI.  
Results 
 The data were analyzed using IBM SPSS Statistics 21. Missing data were 
minimal (0-2.4%), and found to be missing completely at Random (MCAR): Little’s 
MCAR, χ2(1640)= 1453.85, p =1.00. Missing data were imputed using Expectation 
Maximization (EM). Data were also screened to determine suitability for parametric 
analyses. The majority of the variables were found to be significantly non-normal; 
therefore, nonparametric analyses were run. The results were run with and without 
the exclusion of participants who exceeded the cut-score in the mBIAS indicating 
                                                 
7 The mBIAS was used to characterize potential symptom over-reporting in the groups (see Table 2). 
The published cut-score was used to screen for symptom over-reporting in an exploratory analysis 
(see Results). This cut-score indicates the level at which further investigation is recommended in a 
clinical setting. 
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likely indiscriminate response or symptom over-reporting. Significance was 
evaluated against an alpha level of .05. 
Effect of diagnostic terminology on outcomes  
The percentage of participants in each group who expected a level of 
symptom disturbance that would exceed a clinical cut-score on the NSI and PCL-C 
was calculated. An unpublished preliminary NSI cutoff score of 17.50, proposed by 
King (2010) was used. The results indicated that 43.9%, 62.5%, and 51.2% of 
participants expected greater symptom disturbance than the clinical cut-score in the 
control, concussion, and mTBI groups, respectively; however, no effect of 
terminology was found using this criterion,	ݔ2(2) = 2.85, p = .261 (2-tailed). Using 
the PCL-C cut-score of 50 (Weathers, et al., 1993), only 14.6%, 20.0% and 19.5% of 
participants expected greater PTSD symptom disturbance than the clinical cut-off in 
the control, concussion, and mTBI groups, respectively, and there was no significant 
effect of terminology, ݔ2(2) = .486, p = .836 (2-tailed).  
Descriptive statistics for the expected symptoms six months after injury 
(PCS, PTSD) and injury perceptions (chronicity, consequences, and undesirability) 
are presented for the full sample in Table 3. Table 3 shows that none of the analyses 
reached statistical significance. However, trends suggest that compared to the no 
diagnosis condition, a worse outcome was expected of an injury diagnosed as 
concussion or mTBI (small effects, Cohen’s d’s in the order of .2 to .4 for more than 
half of the comparisons). When examining trends between the mTBI and concussion 
conditions, expectation of somatic symptoms were higher for the concussion 
condition (M = 12.55, SD = 11.14) than the mTBI condition (M = 9.56, SD = 8.23; p 
>.05, d = 0.31), but perceptions of the consequences of the injury were greater for 
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the mTBI condition (M = 13.79, SD = 3.47) compared to the concussion condition 
(M = 12.99, SD = 3.98; p >.05, d = -0.37). 
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Table 3 
Table 5.3 Descriptive Statistics and Effect sizes for Comparisons of Expected Postconcussion Syndrome Symptoms, Posttraumatic Stress Disorder 
Symptoms and Injury Perceptions by Diagnostic Term  
Outcome Variables 1. No Diagnosis 
(n = 41) 
2. Concussion 
(n = 40) 
3. mTBI 
(n = 41) 
Kruskal-Wallis 
test 
1 vs. 2  1 vs. 3 2 vs. 3 
 M  (SD) M  (SD) M  (SD) H(2) p d d d 
PCS Symptoms            
    Somatic 8.49 9.01 12.55 11.14 9.56 8.23 3.28 .194 -0.41 -0.13 0.31 
    Affective 7.50 6.84 10.01 6.35 9.70 5.93 5.00 .082 -0.38 -0.35 0.05 
    Cognitive 3.86 3.56 5.08 3.75 4.68 3.67 2.51 .285 -0.34 -0.23 0.11 
    Total Score 19.85 18.61 27.64 20.44 23.94 16.52 4.26 .119 -0.40 -0.24 0.20 
Injury Perceptions            
    Chronicity 12.56 3.49 12.99 3.98 13.79 3.47 3.73 .155 -0.12 -0.36 -0.22 
    Consequences 12.64 4.01 12.79 4.30 14.38 4.46 3.17 .205 -0.04 -0.42 -0.37 
    Undesirability 3.59 1.28 3.83 1.01 3.73 1.12 0.64 .726 -0.21 -0.12 0.09 
PTSD Symptoms            
    Re-experiencing 10.41 4.87 11.55 5.35 11.18 4.11 1.47 .478 -0.23 -0.17 0.08 
    Avoidance 13.63 5.92 14.87 6.37 14.54 5.46 1.39 .499 -0.20 -0.16 0.06 
    Hyper-arousal 10.39 4.28 11.21 3.66 11.66 3.78 2.83 .242 -0.21 -0.32 -0.12 
    Total Score  34.44 14.04 37.63 14.43 37.37 12.10 1.86 .394 -0.23 -0.23 0.02 
Note. N =122. d = Cohen’s d for independent samples. mTBI = mild traumatic brain injury.  
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Analyses were re-run without participants who scored positive on the mBIAS 
screening test for symptom over-reporting. The proportion of participants who were 
excluded based on this criterion did not significantly differ between the groups, ݔ2(2) 
= .268, p = .874. The results of these analyses suggested that the exclusion of these 
participants did not significantly change the results from the main analyses8.  
Discussion 
 The purpose of this study was to examine the influence of diagnostic 
terminology on contact-sport players’ injury perceptions and symptom expectations 
from mTBI. It was hypothesized that contact-sport players would hold more negative 
injury perceptions and expect greater symptom disturbance from a sport-related 
injury that was diagnosed as an ‘mTBI’ compared to ‘concussion’ or an undiagnosed 
injury.  
Injury Perceptions 
Contrary to expectations, there were no statistically significant differences 
between contact-sport players’ injury perceptions (i.e., perceptions of chronicity, 
consequences, and undesirability) as a function of the diagnostic terminology used to 
describe the injury. This pattern of results held even when participants were 
excluded for probable over-reporting of symptoms. This finding is inconsistent with 
Sullivan and colleagues’ (2014) study that examined the influence of terminology on 
the community’s perceptions of a standardized MVA-related mTBI. Sullivan and 
                                                 
8 The few differences that did emerge were for a subset of follow-up comparisons that 
contrasted a diagnosis with no diagnosis, such that the addition of the diagnosis led to 
greater symptom expectations on some subscales. Specifically, the mTBI group expected 
significantly greater symptoms than the no diagnosis group on the following outcomes: 
somatic, affective, NSI total score, hyperarousal, and PCL-C total score (All p < .05; d = 
0.54-.0.68). The concussion group expected significantly greater symptoms than the no 
diagnosis group on the somatic, affective and NSI total score outcomes (All p < .05; d = 
0.61-.0.68).    
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colleagues’ found that participants held more negative injury perceptions of an 
MVA-related injury that was diagnosed as an mTBI or given no diagnosis, than an 
injury diagnosed as a concussion (Sullivan, et al., 2013). The current study may not 
have found significant differences between terminology conditions because of the 
varied cause of the injury depicted in Sullivan and colleagues’ study (i.e., an MVA 
vignette) compared to the current study (i.e., sporting injury vignette), even though 
the injury parameters (e.g., length of loss of consciousness) used in both studies were 
identical. This explanation is plausible, given that previous research has found that 
injury-cause influences expected outcomes (Edmed & Sullivan, 2014).  
The finding that injury perceptions were not affected by diagnostic 
terminology is also inconsistent with Weber and Edwards’ (2010) study of university 
athletes. Weber and Edwards found that compared to the term concussion, the term 
mTBI was associated with the perception that recovery may take longer than one 
week. In the current study, a diagnosis was assigned to a standardized injury (where 
all injury severity details were held constant across conditions), whereas Weber and 
Edwards asked participants to imagine an injury that they would associate with the 
different diagnostic terms. It is possible that Weber and Edwards’ study reflected 
that diagnostic terminology influences the perception of injury severity when no 
other information is provided. Additionally, there were a number of sample 
differences between Weber and Edwards’ study and the current study that may 
account for the different findings. Weber and Edwards’ sample was comprised of a 
mixed sample of contact-sport (e.g., football, soccer) and non contact-sport playing 
athletes (e.g., volleyball), some of who had a prior history of mTBI. The current 
study included only contact-sport playing athletes with no history of mTBI.  
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The injury perception findings from this study are more aligned with Kempe 
and colleagues’ (2013) study that found that diagnostic terminology did not 
influence injury perceptions when it was embedded in information brochures. 
Therefore, a possible explanation for this study’s findings may be that diagnostic 
terminology does not influence expectations or injury perceptions when participants 
have more knowledge of injury outcomes. In this case that this knowledge may have 
come from contact-sport players’ increased exposure to mTBI through witnessing 
teammates sustain and recover from such injuries, since such occurrences are high 
(McCrea et al., 2003; Selassie, et al., 2013).  
Expectation of Symptoms Six Months Post-Injury 
 Contrary to expectations, the term mTBI was not associated with greater 
expected symptom disturbance than the term concussion. This pattern of results is 
consistent with Sullivan and colleagues (2014) study of community views of 
diagnostic terminology, in which diagnostic terminology did not influence symptom 
expectations. A comparison between this study and Weber and Edwards’ (2010) 
study is not possible because they did not assess symptom expectations. In this 
sample of contact-sport players, there was a trend for the terms concussion and 
mTBI to result in the expectation of greater symptom disturbance than the no 
diagnosis condition (a trend that reached statistical significance for some symptom 
expectations when participants were excluded for probable over-reporting of 
symptoms). These trends are consistent with the theorized direction of the results. 
Overall, the results of the present study suggest that if injury severity details are 
provided, injury perceptions and expectations are not significantly altered as a 
function of diagnostic terminology for contact-sport players. 
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Study Strengths and Limitations 
To the authors’ knowledge, this is the first study to investigate the influence 
of brain injury diagnostic terminology using a standardized injury context to control 
for the confound of injury severity, in a sample of contact-sport players. However, 
the study limitations should be kept in mind when drawing conclusions from the 
results. First, the contact-sport players were recruited from a university population 
who identified themselves as predominantly amateur contact-sport players. The 
World Health Organization working group suggests that because head injury rates 
are lower in amateur and female sport players, results should be stratified by these 
factors (Cassidy et al., 2004). The size of this study’s sample precluded such 
stratification, but it is recommended for future research. The extent to which these 
data can generalize to high-school contact-sport players is not known, nor can we be 
confident that the results generalize to professional sports persons. Second, the mTBI 
depicted in the vignette may not be representative of all sport-related mTBIs, which 
are typically characterized by brief, or no loss of consciousness (Badcock, 
1988). Furthermore, there was substantial variability in the types of sport played by 
participants in this study. Future research should investigate whether perceptions and 
expectations of a diagnosis vary depending on whether players participate in 
collision (i.e., full-contact; e.g., football, ice-hockey) or contact (e.g., soccer, 
basketball) sport. This study examined participants’ expectations of symptoms at six 
months post-injury, which is well beyond the expected recovery timeline for an 
injury of this type. Although it important to consider long term effects of mTBI, 
contact-sport players may also be focused on the injury implications in the acute 
period when making decisions about returning to play. Therefore, future research 
should carefully examine the way that diagnostic terminology affects acute injury 
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expectations because these factors may influence decisions that affect recovery. 
Finally, this study examined the effect of diagnostic terminology in isolation using a 
simulation design. Clinical cues associated with a diagnosis, or other influences from 
the outcome model that could not be examined in this study may have a more potent 
impact on injury perceptions and symptom expectations than diagnostic term.  
Conclusions 
The terminology that should be used to describe a sport-related mTBI is 
debated. McCrory (2001) and Weber and Edwards (2010) discourage the 
interchangeable use of terminology (i.e. concussion and mTBI). Although, Weber 
and Edwards (2010) chose not to recommend a term arguing that there may be good 
reasons for using a term that conveys a favorable expected outcome, but not if this 
occurs at the expense of conveying its potential seriousness. Others have suggested 
that ‘concussion’ should be reserved to indicate that there has been transient 
neurological impairment of function (e.g., Nelson, Jane, & Gieck, 1984), whilst 
‘mTBI’ could refer to any resulting clinical pathology (McCrory, 2001).  
Overall this study has shown that when a vignette depicting a sport-related 
mTBI is presented to a sample of contact-sport players, the diagnostic term used to 
describe the injury does not significantly alter symptom expectancies or injury 
perceptions. However, the trends in the data clearly suggest the need for cautious 
interpretation of results and further replication. That the findings of this study 
differed from previous studies using a general community sample (Sullivan, et al., 
2014) or a mixed athlete sample (Weber & Edwards, 2010) could suggest that 
terminology may not be as potent an influence on expectations in contact-sport 
players as it is in other samples. A direct comparison involving these three groups 
would clarify this possibility. Until this clarification occurs it should be concluded 
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that contact-sport players’ expectations of an mTBI, and the influence of such 
expectations on outcome, are not yet fully understood. In the meantime, we 
encourage clinicians to follow the emerging literature to ensure that they keep 
informed of debates that are relevant to terminology, and we urge those who are 
contributing to the debate to continue to strive for a consensus that is based on the 
empirical literature. In the absence of a consensus, clinicians should endeavor to 
have a clear rationale for their choice of term in the management of individual 
patients. These considerations are particularly important because of the possibility 
that sport players’ behavior and return to play decisions may be altered based on the 
expected seriousness of the diagnosis. Clinicians may wish to anticipate the variation 
in terms that patients may encounter, and if appropriate, draw attention to this 
variation so that its implications and associated perceptions can be discussed. 
 
(Bender & Matusewicz, 2013; Cassidy et al., 2004; Cicerone & Kalmar, 1997; Collins et al., 2013; Cooper et al., 2011; DeMatteo et al., 2010; Echemendia & Julian, 2001; Edmed & Sullivan, 2012a, 
2014; Gordon et al., 2010; Iverson & Lange, 2003; Iverson, Silverberg, et al., 2013; Kempe et al., 2013; McCrory, 2001b; McCrory et al., 2013; McKinlay et al., 2011; McLellan et al., 2010; Mittenberg et 
al., 1992; Moss-Morris et al., 2002; Nelson, Jane, & Gieck, 1984; Oppenheimer et al., 2009; Raugust & Latter, 2013; Selassie et al., 2013; Suhr & Gunstad, 2002a, 2005; Suhr & Wei, 2013; K. A. Sullivan 
& Edmed, 2012b; K.A. Sullivan et al., 2014; Weathers et al., 1993; Weber & Edwards, 2010; Whittaker et al., 2007; Wong et al., 1994) 
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Chapter 6:  The Influence of Diagnosis Threat on Contact-Sport 
Players’ Postconcussion Syndrome Symptoms and Good-Old-Days-
Bias 
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Abstract 
Objective: To investigate the influence of diagnosis threat on the report of current 
symptoms and the “good old days” bias in contact-sport players with a history of 
sport-related mild traumatic brain injury (mTBI). Method: Forty-one contact-sport 
players with a history of mTBI were randomly allocated to one of two conditions. 
One group was questioned about their injury history prior to reporting symptoms to 
indirectly and subtly activate a diagnosis threat state (DT-group: n = 19), and one 
group was given neutral instructions and only questioned about their injury history 
after reporting symptoms (neutral group: n =22). Participants reported their current 
and retrospective postconcussion syndrome (PCS) symptoms, posttraumatic stress 
disorder symptoms (PTSD), and atypical symptoms (to measure exaggerated 
symptom report). Twenty-one contact-sport players without a history of mTBI 
reported their current symptoms (control group). Results: The DT-group reported 
significantly fewer PCS and PTSD symptoms (except somatic/sensory PCS 
symptoms) than the neutral group. The DT-group and the neutral group reported 
being healthier in the past than currently, but only DT-group participants 
underestimated their symptoms relative to the base rate of symptoms reported by 
controls. Conclusions: In contact-sport players, current symptom report may be 
associated with factors other than the injury itself, such as a subtle and indirect 
diagnosis threat. The “good old days” bias is more potent when participants’ history 
of mTBI was drawn to their attention.  
Keywords: Postconcussion syndrome, Symptom report, “good old days” bias, Mild 
traumatic brain injury, Response bias, Concussion, Athletes, Neurobehavioral 
symptom inventory, Screening, Subjective assessment.   
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The Influence of Diagnosis Threat on Contact-Sport Players’ Postconcussion 
Syndrome Symptoms and Good-Old-Days-Bias  
Introduction 
Sustaining a mild traumatic brain injury (mTBI) is a risk in many sports, but 
such injuries are particularly common in contact-sports where players come into 
contact with other players (Gessel, Fields, Collins, Dick, & Comstock, 2007). The 
natural history of symptoms from mTBI, and sport-mTBIs in particular, are 
relatively short-lived, with most athletes recovering within a week of the injury 
(McCrea et al., 2009). However, when symptoms are slow to recover, non-
neurological factors may be implicated (Iverson, Silverberg, Lange, & Zasler, 2013).  
In Iverson and colleagues’ (2013) biopsychosocial conceptualization of 
outcome from mTBI, a number of social psychological factors (i.e., expectations, 
“good old days” bias, nocebo effect, diagnosis threat, and iatrogenesis) are identified 
that can be linked to response expectancies. According to Kirsch (1999), a response 
expectancy is an expectancy for a non-volitional response (e.g., emotional and 
physical consequences) in reaction to a stimulus (e.g., mTBI). Response 
expectancies can be potent; research suggests that they can influence symptom report 
and performance on neuropsychological testing (Suhr & Wei, 2013).  
One of these social psychological factors, diagnosis threat, demonstrates how 
an expectancy template (specifically, one that is tied to identity), can influence 
cognitive performance after mTBI. The term diagnosis threat was first introduced by 
Suhr and Gunstad (2002) to describe an application of the stereotype threat literature 
to a neurological population. Stereotype threat occurs when groups that are typically 
stigmatized (e.g., females and minorities) are asked to perform a task that is 
stereotypically associated with poor performance by that group. A group that has had 
their stereotype made salient to them (e.g., females are told that females typically 
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have poor math ability before a math test) demonstrates impaired performance 
compared to a group that has not had a negative stereotype made salient. The term 
diagnosis threat, rather than stereotype threat, reflects the concept that a diagnosis is 
a key component of activating a threatening expectancy template of poor outcome.  
Diagnosis threat research has been predominantly examined in relation to 
cognitive performance (Suhr & Gunstad, 2002, 2005), however it has also been 
extended to examine symptom reporting (Blaine, Sullivan, & Edmed, 2013; Ozen & 
Fernandes, 2011). The experimental paradigm in diagnosis threat research involves 
randomly assigning individuals with a history of mTBI to a threat group (where a 
cue activates the diagnosis threat) or a neutral condition (where no cue is provided) 
and then comparing the groups’ results. An additional non-mTBI group is sometimes 
recruited for comparison.  
Studies of diagnosis threat have led to mixed findings. Early studies found 
that compared to a neutral group, a diagnosis threat group of university students with 
a history of mTBI performed worse in the domains of general intellect (moderate to 
large effect) and memory (small to moderate effects; Suhr & Gunstad, 2002), 
attention (moderate to large effects), memory (small to moderate effects), and 
processing speed (small to moderate effects; Suhr & Gunstad, 2005). However, the 
strong diagnosis threat effect on cognitive performance found in these earlier studies 
has not been replicated in mTBI samples since (Blaine et al., 2013; Ozen & 
Fernandes, 2011). In an extension of this earlier work, a finding of a diagnosis threat 
effect on subjective outcomes (memory and attention complaints) was reported by 
Ozen and Fernandes (2011), but this finding was not replicated by Blaine et al. 
(2013) using postconcussion syndrome (PCS) symptoms and affective symptom 
report scales.  
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The cues that can be used to activate diagnosis threat can vary in their level 
of explicitness. Nguyen and Ryan (2008) outline three stereotype threat-activating 
cues: blatant, moderately explicit, or indirect and subtle. To date, published mTBI 
diagnosis threat studies have used blatant stereotype threat activation, whereby study 
instructions emphasized the stereotype that people with mTBI perform poorly on 
some cognitive tasks (Blaine et al., 2013; Ozen & Fernandes, 2011; Suhr & Gunstad, 
2002, 2005). Moderately explicit activating cues involve conveying the message to 
test takers that there are performance differences between groups, but not explaining 
the direction of those group differences (Ozen & Fernandes, 2011). Indirect and 
subtle threat-activating cues do not involve conveying a message about group 
performance differences, rather the threat is activated by manipulating whether or 
not the test takers’ group membership is emphasized (Nguyen & Ryan, 2008). There 
are a number of ways to indirectly and subtly activate the threat. For example, 
inquiring about group membership before testing can prime a preexisting negative 
injury expectancy template. Similarly, the provision of an evaluative assessment 
typically associated as being ‘diagnostic of ability’ of those in a stereotyped group is 
said to be sufficient to evoke the threat (Walton & Cohen, 2003).  
If evaluative assessments can evoke negative injury stereotypes that 
subsequently influence outcome, this factor may have implications for the 
assessment of mTBI outcome. The increased awareness of the potential for poor 
outcome from sports concussions over the previous 15 years has resulted in changed 
concussion screening practices. This changing landscape in sports concussion has 
occurred alongside the USA Department of Defense (DoD) and the Veterans Health 
Administration’s (VHA) development of screening procedures to identify possible 
Traumatic Brain Injuries (TBI) experienced by veterans involved in conflict. Much 
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effort has been expended to screen for TBIs in these populations. However, a recent 
paper by Vanderploeg and Belanger (2013) suggests that mTBI screening may be 
iatrogenic. The influence of injury screening on mTBI symptom report is 
understudied. A diagnosis threat experimental paradigm could provide valuable 
insight into the effect of injury screening in samples with potential mTBI.  
Applying the concept of diagnosis threat and general negative response 
expectancies to the experience of mTBI patients undergoing neuropsychological 
assessment suggests that their performance and/or symptom report could be 
impacted by these assessment practices. For example, if the patient’s attention is 
drawn to their injury by the clinical interview, which may involve questions about 
prior head injuries, the current injury, and the effects of the injury, then this could 
invoke a patient identity and inflate symptom reporting consistent with negative 
expectations for poor outcome from mTBI. This indirect and subtle activation of 
diagnosis threat has not yet been examined. Further research is needed to understand 
diagnosis threat, particularly the cues that activate or do not activate the threat in 
individuals with mTBI.  
Suhr and Wei (2013) have specifically called for further research into 
diagnosis threat on current symptom report and retrospective recall bias. The “good 
old days” bias is demonstrated when people who have experienced a negative event 
(e.g., mTBI) report being healthier before the injury, and their premorbid symptom 
ratings are lower than the base rate of a control group. This pattern of findings is 
suggestive of a retrospective recall bias, whereby participants who have experienced 
a negative event underestimate the symptoms they experienced premorbidly, thus 
overestimating the actual change in their health since the negative event (Gunstad & 
Suhr, 2001). The “good old days” bias is said to be an example of the nocebo effect 
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operating retrospectively (Suhr & Wei, 2013). Gunstad and Suhr (2001) theorize that 
an individual needs to have experienced a negative event for the bias to operate (i.e., 
in order for the individual to focus on the ‘good old days’). This recall bias may be 
influenced by calling the negative event to the individual’s attention (e.g., through 
priming with a diagnosis threat cue) thereby giving that individual a “salient 
landmark” from which to view themselves as healthier in the past compared to 
people who have not had their mTBI history made salient. This possibility has not 
yet been studied.  
 The purpose of this study was to examine the influence of diagnosis threat on 
symptom report and the “good old days” bias in a sample of contact-sport players 
with a self-reported history of mTBI. Contrary to previous diagnosis threat studies, 
this study used an ‘indirect and subtle’ diagnosis threat activating cue. This diagnosis 
threat cue was manipulated by either screening participants for their injury before 
they reported symptoms (diagnosis threat screening; DT-Group) or after reporting 
symptoms (neutral condition). Unique to this study, measures of symptom 
exaggeration and posttraumatic stress disorder (PTSD) were included in the battery 
of questionnaires that assessed outcome from mTBI as might occur in clinical 
practice. The measure of PTSD was included because the symptoms of PCS and 
PTSD overlap, and because mTBI is a risk factor for PTSD (Bryant & Harvey, 
1999a, 1999b). The battery was administered twice to investigate the influence of 
diagnosis threat on the “good old days” bias. Retrospective diagnosis threat was 
manipulated by asking participants to report symptoms as they would have before 
their mTBI, or one year ago (neutral condition). Consistent with the experimental 
paradigm used to examine the “good old days” bias, these groups’ retrospective 
report was compared to a non-mTBI control group’s symptom base rate.  
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Given previous diagnosis threat research, it was predicted that the DT-group 
would report more severe symptoms compared to the neutral condition. Finally, 
because it is theorized that a negative event is needed to form a ‘landmark’ for an 
individual to view the past as ‘the “good old days”’, it was predicted that the “good 
old days” bias effect would only be observed for DT-group, but not for the neutral 
condition, because in this group the negative event (i.e., mTBI) is not made salient.  
Method 
Participants 
62 contact-sport players were included in this study. Forty-one participants 
had a history of mTBI(s) and 21 participants had no history of mTBI (control group). 
Participants were recruited through email advertisements and through the first-year 
undergraduate research participant pool. Participants played a range of contact-
sports, including Soccer (n = 20); Rugby League, Rugby Union, Grid Iron or 
Australian Rules Football (n = 15); Basketball (n = 4); Netball (n = 4); Hockey (n = 
4); Martial Arts (n = 8); Boxing (n = 2); Handball (n = 2); Cheerleading (n = 1); 
Touch Football (n = 1); and Water Polo (n = 1). Table 1 presents the descriptive 
statistics and cross-condition comparisons for demographic and sport participation 
variables. Table 2 describes the mTBI history for individuals who had self-reported a 
history of sustaining a blow to the head that resulted in confusion, loss of 
consciousness, or posttraumatic amnesia whilst playing a contact-sport. 
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  Table 1 
Table 6.1 Demographic Characteristics of Contact-Sport Playing Participants by Condition 
Participant Characteristic  Control 
(n = 21) 
n 
DT-Group 
 (n = 19) 
n 
Neutral 
 (n = 22) 
n 
 
p 
Age (in years): 
    M (SD) 
 
21.81(6.39) 
 
21.21(5.14) 
 
19.10(2.02) 
 
.303 
Gender: 
   Male  
   Female 
 
7 
14 
 
9 
10 
 
13 
9 
 
.270 
Ethnicity:  
   Caucasian 
   Other:       
 
18 
3 
 
18 
1 
 
17 
5 
 
.355 
 
Dominant Language: 
   English 
   Other 
 
20 
1 
 
19 
0 
 
22 
0 
 
.645 
Years of Education: 
   M (SD) 
 
14.05(2.18) 
 
14.1(1.88) 
 
12.95(1.43) 
 
.064 
Frequency of Play: 
More than once per week 
Once per week 
Once per fortnight 
Once per month 
Competition level: 
Professionally 
University level 
National/State/Representative 
Amateur 
 
16 
4 
1 
0 
 
2 
4 
1 
14 
 
17 
2 
0 
0 
 
3 
2 
7 
7 
 
17 
5 
0 
0 
 
3 
3 
4 
12 
 
 
.646 
 
 
 
 
.248 
DT = diagnosis threat; mTBI = mild traumatic brain injury. Control participants did 
not have a history of mTBI; all other groups did. Participants in the Neutral 
condition did not receive a diagnosis threat: they did not provide details of their 
injury prior to assessment .  
 
 
  
PERSISTENT SYMPTOM REPORT AFTER MTBI                   132  
 
  Table 2 
Table 6.2 Injury History Characteristics by Experimental Condition.a  
Injury characteristic DT-group 
(n = 19) 
Neutralb 
(n = 22) 
Confusion or disorientation 
    Never 
    Once 
    More than once 
 
0 
9 
10 
 
2 
11 
9 
LOC 
    Never 
    Once 
    More than once 
 
10 
9 
0 
 
9 
8 
5 
PTA 
    Never 
    Once 
    More than once 
 
10 
8 
1 
 
11 
7 
4 
Total blows to the head that resulted in 
confusion, LOC, or PTA 
     1 
     2-3 
     > 4 
 
 
7 
9 
3 
 
 
10 
4 
8 
Time since most recent injury 
    Within 1 year 
     1-2 years ago 
     >2 years ago 
     Missing data 
 
11 
2 
4 
2 
 
11 
3 
5 
2 
Length of LOC for most recent injury 
     No LOC 
     1 sec – 1 min 
     1 min – 5 min 
     5 min – 15 min 
     >15 min < 30 min 
     Unsure/Missing  
 
13 
2 
2 
0 
1 
1 
 
11 
6 
3 
0 
0 
2 
aThe control group were not administered the injury screening questionnaire because 
they stated that they had no history of concussion/mTBI when they entered the 
study. bThe neutral group was administered the injury screening questionnaire after 
reporting symptoms to minimize diagnosis threat whereas the DT-group completed 
this questionnaire before the outcome measures. LOC = loss of consciousness; mTBI 
= mild traumatic brain injury; PTA = posttraumatic amnesia.  
PERSISTENT SYMPTOM REPORT AFTER MTBI                                           133 
 
Materials 
 Injury screening questionnaire. A purpose developed injury screening 
questionnaire was used to assess mTBI history. Participants were first asked, “Have 
you ever sustained a blow to the head whilst playing your sport”. If participants 
answered ‘no’ to this question, they were told that they were ineligible for 
participation and thanked for their time. If participants answered ‘once’ or ‘more 
than once’ then they were asked a series of questions to characterize the nature of the 
blow(s). Three follow-up questions were asked that began with the stem, “Whilst 
playing your sport, have you …” 1) “experienced confusion or disorientation as a 
result of a blow to the head”; 2) “experienced loss of consciousness as a result of a 
blow to the head”; and 3) “ever been unable to remember events that occurred after a 
blow to the head”. The response options for these questions were no, once, or more 
than once. After completing these three questions, participants were asked “How 
many times have you sustained a blow to the head that would have required you to 
select ‘once’ or ‘more than once’ to the questions above?” Participants were then 
required to detail how long ago they had sustained each blow to the head, and then 
detail the length of loss of consciousness from their most recent blow to the head.  
Neurobehavioral Symptom Inventory (NSI; Cicerone & Kalmar, 1995). 
The NSI is a standardized measure of PCS symptoms that has been recommended as 
a supplemental outcome measure by the interagency TBI Outcomes Workgroup 
(Wilde et al., 2010). The inventory has 22 items (e.g., “Difficulty making decisions”, 
“sensitivity to light”), which respondents rate how much the symptoms have 
disturbed them since the injury on a 5-point Likert scale (0 = none to 4 = very 
severe). Modifications were made to the scale in this study so that the items were 
presented in a manner consistent with the PTSD Checklist–Civilian Version (PCL-
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C). Specifically, respondents were asked to rate how much the symptoms had 
disturbed them in the past two weeks on a 5-point scale from 1 (not at all) to 5 
(extremely). The total score was calculated by first rescaling each items back to the 
original 0-4 scale for comparability with other studies. Respondents’ responses for 
each item were then summed. The total score could range from 0-88, with a higher 
score indicating greater symptom disturbances. Domain scores (i.e., somatic/sensory, 
cognitive, and affective) were also calculated according to the clusters identified by 
Caplan and colleagues (2010).  
Mild Brain Injury Atypical Symptoms Scale (mBIAS; Cooper, Nelson, 
Armistead-Jehle, & Bowles, 2011). The mBIAS is a brief 5-item measure of 
symptoms uncommonly endorsed by TBI patients. The measure is used to assess 
symptom over reporting. Symptoms are rated on a 5-point scale from 1 (not at all) to 
5 (extremely) according to how much the symptoms had disturbed the respondent in 
the past two weeks. The total score was calculated by summing participants’ ratings 
to each item. The total score can range from 5-25 and a cut-score of ≥ 8 indicates 
probable exaggerated symptom report.  
PTSD Checklist-Civilian (PCL-C; Weathers, Litz, Herman, Huska, & 
Keane, 1993). The PCL-C is a 17-item measure of PTSD symptoms, which maps on 
to the PTSD criteria from the Diagnostic and Statistical Manual of Mental Disorders 
Fourth Edition (DSM-IV; American Psychiatric Association, 2000). Respondents 
were asked to rate how much the symptoms had disturbed them in the past two 
weeks on a 5-point scale from 1 (not at all) to 5 (extremely). To calculate the total 
score, respondents’ responses for each item were summed. The total score could 
range from 17-85, with a higher score indicating greater PTSD symptom 
disturbance. The PCL-C Cluster scores (i.e., Reexperiencing [Category B], 
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Avoidance [Category C], and Hyper-arousal [Category D]) were calculated by 
summing the items that comprised the DSM-IV PTSD symptom categories. 
Procedure 
Participants were blind to the purpose of this study. Participants with a 
probable history of mTBI were auto-directed to complete the current study’s online 
survey from another study (the parent study), which was designed to investigate 
expected outcomes from sport injuries in contact-sport players without a history of 
mTBI (note: the control group was drawn from this study). The parent study was 
entitled ‘A Study of Athlete Health’ in recruitment flyers and the participant 
information sheets did not specifically reference mTBI/concussion. A visual 
depiction of the study procedure is shown in Figure 1.  
Upon entering the parent study, participants answered two initial questions: 
“Do you regularly play a contact-sport (e.g., football, hockey, martial arts, etc.)?” 
and “Have you ever experienced any of the following: 1) Concussion (also known as 
minor head injury, mild traumatic brain injury, etc.); 2) A diagnosis of any mental or 
intellectual impairment such as severe brain injury, seizures, or other neurological 
problems; 3) Received treatment for a mental health problem by a mental health 
provider in the past 12 months; or 4) Received medication for a mental health 
problem in the past 12 months”. Participants who responded ‘yes’ to question one 
and ‘no’ to the other questions, were unknowingly auto-directed to the survey used 
in this study. From the participants’ view, the auto-direct looked the same as 
navigating from one page to the next in an online survey. Thus, participants were 
unaware that they  
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No 
No 
Completed NSI/PCL-C/mBIAS 
 
Exclude 
Control 
Completed injury 
screening 
questionnaire 
Completed NSI/PCL-C/mBIAS 
How were you before the mTBI? 
How were you one 
year ago? 
Completed NSI/PCL-C/mBIAS retrospectively 
Completed 
NSI/PCL-C/mBIAS 
retrospectively 
Completed injury screening 
questionnaire 
How has your most recent mTBI affected 
or not affected you in previous two 
weeks? 
Have you had any problems in the 
previous two weeks? 
DT-
group 
Neutral 
group 
Plays a contact 
-sport?  
Potential 
mTBI 
history?  
End 
Experiment
Figure 1. Visual depiction of participants’ progress through procedure by 
condition 
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had been redirected to complete another survey based on their endorsement of yes to 
the initial concussion/mTBI question, the only difference in materials being in the 
experimental instructions and order of questionnaire presentation.  
Participants first completed questions used to assess their demographics and 
contact-sport participation. Participants with an mTBI history were randomly 
allocated to one of two experimental conditions by the survey software 
randomization plugin. One of the groups was screened for their injury history before 
completing the main questionnaire battery. This group was given an experimental 
instruction stated: “Getting knocked out or dazed in competition is fairly common 
and can happen to anyone. We are interested in how your mild traumatic brain injury 
has (or has not) affected your ability to do every day things… [please] rate each 
symptom on how much it has disturbed you in the past two weeks”. The symptoms 
that the participants rated were from the integrated NSI/PCL-C/mBIAS 
questionnaire (current symptom report). Participants were then asked to complete the 
integrated NSI/PCL-C/mBIAS questionnaire battery a second time according to how 
they would have rated the symptoms before the injury.  
To make sure that participants in the neutral group did not have their 
attention called to their injury, they were administered the injury screening 
questionnaire after they had completed the current and retrospective symptom rating. 
After completing the demographic questions, participants in the neutral group were 
simply given the instruction “…You will need to rate each symptom on how much it 
has disturbed you in the past two weeks” before completing the integrated NSI/PCL-
C/mBIAS. These participants were then asked to complete the integrated NSI/PCL-
C/mBIAS a second time according to the following instruction: “…this time, we 
would like you to rate the symptoms as you would have a year ago. That is, how you 
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used to be. If you aren’t sure how to answer, guess.” Participants in the neutral group 
were then administered the injury screening questionnaire.  
The control group was drawn from the parent survey sample and only 
completed the NSI/PCL-C/mBIAS once according to the same initial instruction that 
the neutral group received (i.e., “rate each symptom on how much it has disturbed 
you in the past two weeks”). The control group did not provide a retrospective rating 
of symptoms, nor did they complete the injury screening questionnaire because they 
had denied a history of mTBI/concussion on study entry. At the completion of the 
survey, all participants were thanked for their participation and were either entered 
into the prize draw to win $100AUD or allocated bonus course credit for 
participation.  
Results 
 The data were analyzed using IBM SPSS Statistics 21. Missing data on the 
outcome variables were minimal (< 6.8% of missing cases per variable) and missing 
completely at random (Little’s MCAR test: χ2(897)= 443.46, p =1.00). Missing data 
were imputed using Expectation Maximization. One outlier was identified on the 
PCL-C Re-experiencing scale. This outlier was changed to the next highest score 
plus one in their groups as per Field (2009). Two outliers were detected on the 
mBIAS: one in the DT-group and one in the neutral group; however, because the 
purpose of this measure was to detect symptom exaggeration these outliers were 
retained. The data were screened to determine eligibility for parametric analyses. 
The majority of variables were significantly positively skewed. Given that the 
variables did not meet the assumptions of parametric tests, nonparametric equivalent 
tests were conducted.  
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Descriptive analysis of the mBIAS data indicated that only one person in the 
DT-mTBI group, and two people in the neutral group scored greater to or equal than 
the mBIAS cut score, indicating possible symptom exaggeration. Analyses were run 
with and without these participants excluded and no differences were noted; 
therefore, these participants were included in the analyses.  
Table 3 presents the descriptive statistics for the DT-group and neutral group 
on the outcome measures, and the Mann-Whitney U tests that were used to 
investigate the influence of diagnosis threat on symptom report. Table 3 shows that 
the neutral group reported significantly more severe symptoms than the DT-group on 
all outcome measures except somatic/sensory symptoms.  
 
Table 3 
Table 6.3 Current Postconcussion Syndrome Symptoms and Posttraumatic Stress Disorder 
Symptoms by Diagnosis Threat Condition (Diagnosis Threat label vs. neutral)  
Outcome 
Variables 
1. DT-Group 
(n = 19) 
2. Neutral 
(n = 22) 1 vs. 2  
 M (SD) Mdn M (SD) Mdn U p d 
PCS Symptoms        
Somatic 4.37(3.79) 4 6.21(5.40) 5 169.5 .306 -0.40 
Cognitive 2.37(3.24) 1 4.77(3.49) 4 113.0 .010 -0.73 
Affective  5.33(5.75) 3.29 11.32(5.59) 10 85.5 .001 -1.08 
PCS Total Score 12.07(11.80) 8 22.30(13.05) 21 101.5 .004 -0.84 
PTSD Symptoms        
Re-experiencing 6.16(2.08) 5 7.91(2.94) 7 125.0 .022 -0.69 
Avoidance 8.72(2.54) 7 11.95(4.46) 10.5 103.5 .004 -0.90 
Hyper-arousal 8.74(3.78) 8 12.33(4.09) 11.5 102.0 .004 -0.93 
PTSD Total Score  23.62(7.24) 20 32.19(10.28) 29.5 98.0 .003 -0.98 
N = 51. DT = diagnosis threat. PCS= Postconcussion syndrome; PTSD = 
posttraumatic stress disorder; d = Cohen’s d for independent samples. Bold figures 
indicate that the result was significant (p < .05).  
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Analyses were conducted to investigate the influence of diagnosis threat on 
the “good old days” bias. Table 4 presents the descriptive statistics and within group 
comparisons of participants’ current and retrospective symptom report. Wilcoxon 
signed rank tests were used to compare participants’ current symptom report versus 
their retrospective report of symptoms before their mTBI (DT-group) or one-year 
ago (neutral group). Participants in the neutral group who had sustained their most 
recent mTBI more than a year ago were excluded from this analysis to avoid 
confounding the “good old days” bias effect. Thirteen participants were retained in 
the neutral group for the “good old days” bias analysis. Table 4 shows that the DT-
group (who had had their mTBI history made salient through pre assessment history 
taking) consistently rated themselves as healthier in the past than they did currently, 
with the exception of avoidance symptoms. Similarly, the neutral group also reported 
being healthier in the past, with the exception of re-experiencing symptoms, and 
cognitive symptoms.  
Mann-Whitney U tests were next conducted to investigate whether the 
participants in the groups were underestimating their past difficulties relative to the 
control participants’ base rate symptom report. Table 5 shows that participants in the 
DT-group retrospectively estimated their preinjury health as being better than the 
base rate of symptoms reported by control participants on all symptom types except 
Somatic and Cognitive symptoms. The neutral group’s retrospective report was also 
compared to the control group’s base rate. Table 5 shows that the results trended 
toward the neutral group retrospectively reporting more symptoms than the control 
group’s base rate.  
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  Table 4 
Table 6.4 Current versus Retrospective Symptom Report for Diagnosis Threat and Neutral Conditions 
 DT Neutral 
Outcome Variables 1.Current Report 
(n=19) 
2.Retrospective Report 
(n=18) 1 vs 2.  
3.Current Report 
(n=13)a 
4.Retrospective Report 
(n=13) 
3 vs 4.  
 M (SD) Mdn M (SD) Mdn P d M(SD) Mdn M (SD) Mdn p d 
PCS Symptoms             
Somatic 4.37(3.79) 4 2.54(3.40) 1 .013 0.51 8.66(5.51) 8.53 5.31(5.96) 4 .004 0.58 
Cognitive 2.37(3.24) 1 1.36(2.12) 0 .029 0.37 5.69 (3.43) 6 4.31(3.84) 2 .105 
        
0.38 
Affective 5.33(5.75) 3.29 2.49(3.00) 1 <.001 0.62 13.92 (5.53) 13 10.85(7.43) 8.09 .022 0.47 
PCS Total Score 12.07(11.80) 8 6.39(7.68) 3.5 <.001 0.57 28.27(12.75) 26 20.47(16.14) 15 .010 0.54 
PTSD Symptoms             
Re-experiencing 6.16(2.08) 5 5.34(0.59) 5 .031 0.54 8.08(3.52) 7 7.15(3.98) 6 .247 0.25 
Avoidance 8.72(2.54) 7 8.09(2.14) 7 .156 0.27 12.92 (4.89) 12 11.14(3.86) 11 .076 0.40 
Hyper-arousal 8.74(3.78) 8 7.07(2.19) 6 .002 0.54 13.33(4.08) 13 11.77(4.97) 10 .050 0.34 
PTSD Total Score  23.62(7.24) 20 20.50(4.48) 19 .006 0.52 34.33(11.04) 31 30.07(11.56) 26 .031 0.38 
aParticipants whose most recent mTBI was sustained more than one year ago were not included in the neutral group because a one year time 
frame was used as the “good old days” bias landmark, not the mTBI. PCS= Postconcussion syndrome; PTSD = posttraumatic stress disorder; d = 
Cohen’s d for paired samples. mTBI = mild traumatic brain injury. Bold figures indicate that the result was significant (p < .05).  
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  Table 5 
Table 6.5 Retrospective Symptom Report versus Control Group Symptom Base Rates, for Diagnosis Threat and Neutral Conditions 
      
 
Outcome Variables 
1. Control Base Rate 
(n = 21) 
2.DT Retrospective 
Report 
(n=18) 
3.Neutral Retrospective 
Reporta 
(n=13) 
1 vs 2  1 vs 3  
 M (SD) Mdn M (SD) Mdn M (SD) Mdn U 
p 
 
d U p d 
PCS Symptoms             
Somatic 4.57(4.88) 3 2.54(3.40) 1 5.31(5.96) 4 134.5 .121 0.49 128.5 .775 -0.14 
Cognitive 2.52(2.91) 1 1.36(2.12) 0 4.31(3.84) 2 137.5 .126 0.46 83.0 .055 -0.56 
Affective 8.03(5.34) 5 2.49(3.00) 1 10.85(7.43) 8.09 68.0 .001 1.28 95.5 .144 -0.47 
PCS Total Score 15.11(12.08) 8 6.39(7.68) 3.5 20.47(16.14) 15 88.0 .004 0.87 97.5 .166 -0.40 
PTSD Symptoms             
Re-experiencing 6.86(2.43) 6 5.34(0.59) 5 7.15(3.98) 6 129.5 .063 0.85 130.5 .825 -0.10 
Avoidance 9.93(3.56) 8 8.09(2.14) 7 11.14(3.86) 11 126.5 .063 0.63 103.5 .234 -0.34 
Hyper-arousal 9.38(3.29) 9 7.07(2.19) 6 11.77(4.97) 10 105.0 .017 0.83 95.5 .144 -0.62 
PTSD Total Score  26.17(8.10) 23 20.50(4.48) 19 30.07(11.56) 26 95.0 .008 0.87 99.0 .183 -0.42 
aParticipants whose most recent mTBI was sustained more than one year ago were not included in the neutral group because a one year time 
frame was used as the “good old days” bias landmark, not the mTBI. PCS= Postconcussion syndrome; PTSD = posttraumatic stress disorder; d = 
Cohen’s d for independent samples. mTBI = mild traumatic brain injury. Bold figures indicate that the result was significant (p < .05). 
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Discussion 
 The aim of this study was to investigate the influence of diagnosis threat, via 
preassessment injury history taking on symptom report in a sample of contact-sport 
players with a history of sport-related mTBI. A second study aim was to investigate 
the influence of diagnosis threat on the “good old days” bias. It was hypothesized 
that the DT-group would report more severe symptoms than neutral participants. It 
was also hypothesized that the “good old days” bias would be observed for the DT-
group, but not for neutral participants.  
 Contrary to expectations and previous research by Ozen and Fernandes 
(2011), participants in the combined DT-group did not report more symptoms than 
participants in the neutral group. In fact, the direction of results was in the opposite 
direction to that predicted. Specifically, participants who received neutral 
instructions and were only screened for their mTBI history after rating symptoms 
reported significantly more symptoms (except somatic/sensory symptoms) than 
participants who received the subtle and indirect diagnosis threat cue of injury 
screening and diagnostic labeling before reporting symptoms. Interestingly, 
cognitive and affective PCS symptoms, but not somatic/sensory PCS symptoms, 
appear to be influenced by this experimental manipulation. Unlike previous studies 
that used ‘blatant’ diagnosis threat cues (e.g., Ozen & Fernandes, 2011), the 
diagnosis threat cue used in this study was indirect and subtle and may not have been 
explicit enough to activate the threat. However, this explanation does not account for 
the neutral group reporting significantly more symptoms than the DT-group. A 
number of other explanations could account for this finding.  
 This unexpected finding might be explained by the tendency of contact-sport 
players to underestimate symptoms and exaggerate recovery (McCrea, 2008). As 
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stated above, on most measures, participants in the DT-group had a lower level of 
symptom endorsement than those in the neutral group. Sport concussion 
investigations can include symptom, neuropsychological, and balance assessments 
(McCrory et al., 2013). Return-to-play guidelines recommend that players rest until 
clinical symptoms resolve and then engage in a graded program of exertion before 
clearance is given to return-to-play (McCrory et al., 2013). However, the validity of 
contact-sport players’ symptom report is often called into question. A player’s 
motivation not to be withheld from competition and not wanting to let down 
teammates provides an incentive for athletes not to report symptoms associated with 
mTBI (McCrea, Hammeke, Olsen, Leo, & Guskiewicz, 2004). It is often suspected 
that athletes underreport symptoms, and although this is difficult to demonstrate 
empirically, Lovell and colleagues (2002) found that a group of concussed high 
school and college athletes reported less PCS symptoms 10 days post-injury than 
they reported at baseline, whereas in the control group, symptom report remained 
stable. It is possible that in this study, even though participants were assured of their 
anonymity, the diagnosis threat may have activated a salient template of 
underreporting symptoms to a coach or trainer if undergoing a return-to-play 
assessment.  
Another possibility is that participants who were exposed to the diagnosis 
threat cue responded in a counter stereotypical way. This response to diagnosis threat 
has been termed stereotype reactance (Kray, Thompson, & Galinsky, 2001). 
Psychological reactance theory (Brehm, 1966) suggests that individuals respond to 
threats to their ‘freedom’ (e.g., expectations of inferiority based on diagnosis threat) 
by reasserting their ‘freedom’ (e.g., acting in a counter-stereotypical way).  
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Alternatively, there have been a number of suggestions that contact-sport 
players have a different response expectancy template than adult trauma patients 
because they may have a strong preexisting expectation for good recovery (Suhr & 
Wei, 2013), and although recent research questions this idea (see Edmed & Sullivan, 
2014), if contact-sport players do have a more positive response expectancy 
template, then this factor could have influenced their response to the threat-
activating cue used in this study. The nature of the threat that was used in this study 
was different to that used in previous diagnosis threat studies (Suhr & Gunstad, 
2002, 2005) including those that looked specifically for effects on symptom report 
(Blaine et al., 2013; Ozen & Fernandes, 2011) and it may not have effectively 
activated these expectancies.  
 An alternative explanation for the unexpected finding is that participants in 
the DT-group only reported symptoms that they considered attributable to a labelled 
injury, whereas those in the neutral condition reported any symptom they were 
experiencing. This possibility is plausible given that the manipulation used to 
activate the threat cue asked participants to reflect on how their mTBI had (or had 
not) affected them in the previous two weeks, whilst participants in the neutral 
condition were asked to report symptoms without specifying the cause. It is possible 
that all groups may have had a similar symptom experience in the previous two 
weeks, but diagnosis threat participants did not report such symptoms because they 
did not consider the symptoms to be caused by the injury. This explanation could 
have implications for assessment practices. In the context of a return-to-play 
assessment, asking players how their mTBI has or has not affected them could result 
in participants underreporting their symptom experience, particularly because 
previous studies have found that contact-sport players have poor knowledge of the 
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signs and acute symptoms of concussion (Kaut, DePompei, Kerr, & Congeni, 2003; 
McCrea et al., 2004) and may not know that the symptoms they are experiencing 
could be related. Although there are a number of explanations for this unexpected 
finding, further research is needed to understand why participants in the diagnosis 
threat condition reported fewer symptoms than the neutral condition. 
 The hypothesis that the “good old days” bias would be observed for 
participants who had their attention called to the negative event (DT-group), but not 
for those who did not have their attention called to the negative event (neutral 
group), was supported. The DT-group reported being healthier in the past than 
currently, and reported fewer symptoms retrospectively relative to the base rate of 
symptoms reported by a control group of contact-sport players. Participants in the 
neutral group did not have their attention drawn to the negative event, rather they 
were asked to retrospectively report their symptoms from a year ago. Participants in 
the neutral group also reported being healthier in the past, but they did not report 
fewer symptoms than the benchmark that shows this effect (i.e., the base rate of a 
control group). The finding that the “good old days” bias was observed for 
participants in the DT-group, but not the neutral group, suggests that making the 
landmark (i.e., the mTBI) salient can influence this retrospective recall bias.  
However, this finding should be treated cautiously because of the high rate of 
current and retrospective symptoms reported in the neutral group. In fact, when a 
significant difference did emerge on cognitive symptoms between the neutral 
group’s retrospective report and the control group’s base rate report, it was in the 
opposite direction theorized by the “good old days” bias. That is, the neutral group 
reported more cognitive symptoms retrospectively than the control group’s base rate. 
It may be that the manipulation of asking participants to report their symptoms from 
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one year ago was not similar enough to asking participants to reflect on their health 
before the head injury because the sample included participants who had sustained 
multiple head injuries. Future studies may wish to include a longer interval when 
manipulating this variable. For example, when Gunstad and Suhr (2001) asked 
control participants to retrospectively report symptoms to investigate whether a 
general recall bias could account for the “good old days” bias, they asked 
participants to report symptoms from two to three years ago.  
The results of this study are preliminary only and should be treated with 
caution until replicated in a larger sample. Replication in a larger sample is 
encouraged because of the large effect sizes noted in the current study. The inherent 
limitations of survey research also apply to this study. Specifically, we relied on 
participants’ self-report of their mTBI history. However, recall of self-reported 
concussion history has been shown to have moderate reliability in a large sample of 
former professional football players (Kerr, Marshall, & Guskiewicz, 2012). This 
study also recruited participants who were predominantly current university students, 
which limits the generalizability of the results. Previous research has suggested that 
null stereotype threat findings may actually reflect low domain identification 
(Walton & Cohen, 2003). Despite having a history of mTBI, these participants may 
not have identified with an mTBI patient identity. Additionally, these results may not 
generalize to non contact-sport players, high school and professional athletes, or 
individuals seeking assessment, treatment, or compensation for their injury. Future 
research in this area would benefit from investigating the influence of injury 
screening practices in populations who have less incentive to recover (e.g., adult 
trauma patients, the military, and people seeking compensation).  
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It should also be borne in mind that the manipulations used in this study 
utilize only some of the options available to clinicians for history taking/injury 
screening during assessment. The results showed that the positioning of the injury 
screening during assessment affected symptom report, though not in the direction 
predicted. More research is needed to clarify whether this finding holds for different 
samples with varying incentives to recover. Additionally, it would be interesting for 
future research to include a condition whereby the diagnosis threat cue is activated 
using screening only (i.e., without the term mTBI), in order to separate out the 
potential influence of the term mTBI. It would also be interesting to use a within 
group design to understand which symptoms that participants perceive as attributable 
to the injury by following up the neutral condition’s general symptom report with 
injury screening and then questioning about how their injury has or has not affected 
them.  
Thorough history taking is a crucial mTBI assessment practice that leads to 
better differential diagnosis (Iverson et al., 2013). Understanding how different 
approaches to assessment influence symptom report is needed to facilitate the 
appropriate management of patients with mTBI. There are already recommendations 
about the type (Edmed, Sullivan, Allan, Smith, & Karlsson, Submitted; Iverson, 
Brooks, Ashton, & Lange, 2010) and timing (Bostock Matusko, Kemp, Paterson, & 
Bryant, 2013) of symptom assessments for PCS and PTSD, respectively, which 
typically recommend symptom assessment by interview and careful history taking 
before other aspects of the assessment. This research demonstrates empirically that 
the nature and positioning of these elements of assessment can affect the outcome, 
reinforcing the more general recommendation that such decisions need to be made 
carefully, and assessment results interpreted accordingly. If an undirected assessment 
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is used to assess symptoms first, it may be advisable to clarify whether the 
respondent perceives that their report pertains to the injury or more broadly. If an 
injury history is taken first, or if others have taken it already, then a relatively low 
level of symptoms may be expected for contact-sport players. In both cases, it may 
be helpful to track the timing, severity, frequency, and attributed cause (if any) of 
reported symptoms so that this information can be factored into clinical decisions. (
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Chapter 7:  Assessment Method Influences the Severity and Type of 
Symptoms Reported after Mild Traumatic Brain Injury 
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Abstract 
Objective: To investigate the influence of assessment method (spontaneous report 
versus checklist) on the report of postconcussional syndrome (PCS) symptoms after 
mild traumatic brain injury (mTBI). Setting: Community. Participants: Thirty-six 
participants (58% female) with post-acute mTBI (i.e., sustained between one to six 
months prior to participation) and 36 age, gender, and ethnicity matched healthy 
controls. Design: Cross-sectional. Main Measures: Spontaneous symptom report 
from open-ended questions and checklist endorsed symptoms from the 
Neurobehavioral Symptom Inventory (both measures administered online). Results: 
Assessment method significantly affected individual symptom item frequencies 
(small to large effects), the number of symptoms reported, the total severity score, 
domain severity scores (i.e., somatic/sensory, cognitive, and affective symptom 
domains), and the number of participants who met a PCS caseness criteria (large 
effects; checklist > spontaneous report). The types of symptoms that were different 
between the groups differed for the assessment methods: Compared to controls, the 
mTBI group spontaneously reported significantly greater somatic/sensory and 
cognitive domain severity scores, whilst only the affective domain severity score 
was significantly greater than controls when endorsed on a checklist. Conclusions: 
Assessment method can alter the number, severity, and types of symptoms reported 
by patients after mTBI, and could potentially influence clinical decisions.  
 
Keywords: concussion, mild traumatic brain injury, postconcussion syndrome, head 
injuries, self-report symptoms, recall bias, neurobehavioral symptom inventory, 
assessment, subjective symptoms  
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Assessment Method Influences the Severity and Type of Symptoms Reported after 
Mild Traumatic Brain Injury 
Introduction 
It is estimated that over 1.7 million traumatic brain injuries (TBIs) are 
sustained in the United States every year (Faul, Xu, Wald, & Coronado, 2010), with 
a cost of over 76.5 billion dollars in direct and indirect costs (Coronado, McGuire, 
Faul, Sugerman, & Pearson, 2013). In Australia, the estimated incidence of TBI is 
226 per 100,000 people (Tagliaferri, Compagnone, Korsic, Servadei, & Kraus, 
2006). Whilst mild traumatic brain injury (mTBI) comprises approximately 70-90% 
of treated TBIs (Cassidy et al., 2004), the true incidence of mTBI is likely much 
greater because the majority of people who sustain this type of injury never seek 
formal medical attention (Faul, et al., 2010).  
Recovery from mTBI is variable with and without medical attention because 
of the neurological, biological, psychological, and social factors that can influence 
the injury and course of recovery (Iverson, Silverberg, Lange, & Zasler, 2013; 
McCrea et al., 2009). Although the general clinical expectation after an mTBI is that 
symptoms will be self-limiting, a minority of individuals continue to report a 
constellation of somatic, cognitive, and affective symptoms that may lead to a 
diagnosis of postconcussional syndrome (PCS) according to the International 
Classification of Diseases 10th edition (ICD-10) PCS criteria (World Health 
Organization, 2010). In the ICD-10, PCS is a symptom-based criteria; there is no 
requirement for objective evidence of dysfunction or biomarkers for this diagnosis. 
Therefore, a considered assessment of self-reported symptoms after mTBI is 
necessary.  
Assessment of outcome has been identified as one of the more challenging 
issues in TBI research (Wagner, 2013). Assessing outcome from an mTBI is difficult 
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for a number of reasons. Foremost, the symptoms of PCS are not specific to mTBI. 
PCS symptoms are well documented in other clinical (Iverson, 2006; Iverson & 
McCracken, 1997) and nonclinical populations (Iverson & Lange, 2003; Wang, 
Chan, & Deng, 2006); therefore, the presence of post-acute PCS symptoms after an 
mTBI is not diagnostic of mTBI neuropathology (Larrabee, Binder, Rohling, & 
Ploetz, 2013). Nevertheless, careful monitoring of symptoms is still regarded as 
important to monitor mTBI outcome. 
PCS symptoms can be assessed by checklist, interview, and deduced from 
informant report (or a combination of these). Checklists (e.g., Rivermead 
Postconcussion Symptoms Questionnaire (N. King, Crawford, Wenden, Moss, & 
Wade, 1995), the Neurobehavioral Symptom Inventory (Cicerone & Kalmar, 1995), 
and the British Columbia Postconcussion Symptom Inventory (Iverson, Zasler, & 
Lange, 2007) are useful because they are more direct than informant report, they are 
standardized, the results can be compared be to normative data (Iverson, et al., 
2013), and they reduce negative interviewer effects (Krol, Mrazik, Naidu, Brooks, & 
Iverson, 2011). However, there are also concerns that PCS checklists are vulnerable 
to over endorsement, which could lead to the over diagnosis of PCS (Gerber & 
Schraa, 1995; Mulhern & McMillan, 2006). 
Several studies (see Table 1) have begun to document the effect of 
assessment method on the number of PCS symptom reported. For example, patients 
with mTBI reported significantly more symptoms on a checklist than when they 
spontaneously volunteered symptoms acutely and post-acutely (i.e., at one week, 
four weeks, and three months post-mTBI; Villemure, Nolin, & Le Sage, 2011), and 
at 12-36 months post-mTBI (Nolin, Villemure, & Heroux, 2006). This finding was 
also demonstrated in a referred sample of patients receiving financial compensation 
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for mTBI (Iverson, Brooks, Ashton, & Lange, 2010). Specifically, Iverson and 
colleagues (2010) found that the number of symptoms reported on a structured 
checklist (M = 9.1) was higher than when participants were interviewed about their 
symptoms (M = 3.3). Similarly, assessment method has also been shown to influence 
the number of symptoms that people expect patients with mTBI to experience 
following an mTBI (Mulhern & McMillan, 2006; Sullivan & Edmed, 2012).  
Table 1 shows that previous research has typically compared symptom 
frequencies and the total number of symptoms reported across spontaneous and 
checklist assessment methods. However, symptom severity has been shown to 
influence symptom endorsement rates. Specifically, Iverson and Lange (2003) found 
that when a symptom was counted as being ‘present’ if endorsed as mild or greater, 
substantially more healthy controls met PCS criteria than when symptoms were 
counted as being ‘present’ when endorsed as moderate or greater. To date, no 
studies have asked participants to rate the severity of the symptoms that they 
spontaneously report. Severity ratings are important because they provide 
information about the extent that a symptom is actually a problem for that patient. 
 Moreover, the types of symptom reported, and the extent to which these may 
be influenced by different assessment methods, also requires further investigation. A 
study by Nolin and colleagues (2006) found that an entire domain of symptoms was 
affected by assessment method. Specifically, social symptoms were not reported 
when spontaneously volunteered, but were reported when suggested to patients on a 
checklist. Analyzing symptom domains (i.e., types of symptoms that cluster together 
into factors) has recently been recommended for PCS studies to avoid obscuring 
important findings (Ettenhofer & Barry, 2012). Understanding the effect of 
assessment method on symptom domains may assist differential diagnosis, 
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  Table 1  
Table 7.1 Summary of Available Assessment Method Research  
Study Sample Outcome measures Metrics Compared Findings 
Gerber & 
Schraa (1995) 
22 mTBI patients 
22 matched 
orthopedic injury 
patients 
22 matched 
uninjured controls 
1. Spontaneous report to open-
ended questions with severity 
rating (0= no problem, 3 = 
severe problem) 
2. Suggested response 
(Interviewer administered 25-
item checklist) with severity 
rating. 
 
1.Symptom frequencies 
2. Average number of 
symptoms reported in 
cognitive, affective, 
emotional and pain 
domains 
More symptom endorsed when 
suggested compared to spontaneous 
report.  
At 6-months post-injury only 
spontaneous symptoms differentiated 
mTBI patients from the control groups. 
Only mTBI patients spontaneously 
reported cognitive and somatic 
symptoms at 6-months post-injury.  
 
Nolin et al. 
(2006) 
108 adults 12-36 
months post-mTBI 
No control group 
1. Spontaneous report to open 
ended question via telephone 
2. Suggested Response 
(Interviewer administered RPQ 
via Telephone) 
1. Symptom frequencies 
2. Average number of 
symptoms reported in 
the cognitive, affective, 
physical and social 
domains.  
3. Total number of 
symptoms  
More symptoms endorsed when 
symptoms were suggested than when 
symptoms were spontaneously 
reported.  
Types of symptoms differed according 
to assessment method. Social 
symptoms only reported when 
suggested.  
Mulhurn & 
McMillan 
(2006) 
171 community 
participants 
1. Free recall.  
2. The Post Concussional 
Screening Checklist 
1. Total number of 
symptoms 
2. Number of DSM-IV 
symptoms 
The number of expected symptoms 
from an mTBI vignette were greater (M 
=5.24) when assessed on a checklist 
compared to when freely reported (M = 
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3. ‘Six symptoms or 
more’ criterion 
2.74). Participants rarely expected 
enough symptoms to fulfill a caseness 
criterion (6 symptoms or more) when 
freely reported, whereas 107 
participants expected enough 
symptoms when endorsing symptoms 
on a checklist.  
Iverson et al. 
(2010) 
61 referred mTBI 
patients 
No control group 
1.Structured Interview 
2.Self-report BC-PSI 
1. Symptom frequencies 
2. Total number of 
symptoms 
 
More symptoms endorsed on BC-PSI 
than on the structured interview. 44% 
of patients endorsed greater than 4 PCS 
symptoms during structured interview, 
which increased to 92% when 
participants completed the BC-PSI.  
Villemure et al. 
(2011) 
354 adult mTBI 
patients 1-3 months 
post-injury. 
No control group.  
1. Spontaneous report to open 
ended question via telephone 
2. Suggested Response 
(Interviewer administered RPQ 
via Telephone) 
1. Symptom frequencies 
2. Total number of 
symptoms 
 
Consistently more symptoms endorsed 
when symptoms were suggested than 
when symptoms were spontaneously 
reported at each testing interval.  
Physical symptoms most frequently 
reported with both methods, followed 
by cognitive than affective symptoms.  
 
Krol et al. 
(2011) 
117 Healthy Athletes 
with no history of 
mTBI in previous 
month. 
1. Interviewer administered post-
concussion scale 
2. Self-report Post-concussion 
scale 
1. Symptom frequencies  
2. Summed severity 
score 
3. Total number of 
symptoms 
 
Athletes endorsed more symptoms 
when self-reporting symptoms on the 
post-concussion scale than when 
endorsing postconcussion-scale 
symptoms that were read-aloud by an 
interviewer. 
Endorsed more symptoms in response 
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to female interviewer.  
 
Edmed & 
Sullivan (2012) 
73 healthy 
undergraduates with 
no history of mTBI 
1. Open-ended response 
2. Structured written interview 
3. Self-report BC-PSI 
1. Symptom frequencies 
2. Average number of 
symptoms 
 
The most symptoms were reported in 
response to the BC-PSI, followed by 
the structured paper interview, and 
open-ended response. 
25.4% of participants endorsed greater 
than 3 symptoms on the open-ended 
question, which increased to 92.1% on 
the structured paper interview, and to 
100% on the BC-PSI 
Sullivan & 
Edmed (2012) 
51 healthy 
undergraduates with 
no history of mTBI 
1. Open-ended response 
2. Structured written interview 
3. Self-report BC-PSI 
1. Symptom frequencies 
2. Average number of 
symptoms 
 
Participants expected the greatest 
number of symptoms (M = 11.18) on 
the checklist, then on the structured 
interview (M = 6.33) and open ended 
question (M = 2.12). 
When reporting on the symptoms 
participants would expect following an 
mTBI, 98% of participants expected 
enough symptoms to fulfill a caseness 
criterion (3 or more ICD-10 symptoms) 
on the checklist and structured 
interview, whilst only 29.% did so on 
the open-ended response condition.  
Note. mTBI = mild traumatic brain injury; BC-PSI = British Columbia Postconcussion Symptom Inventory; ICD-10: International Classification 
of Diseases (10th edition); RPQ = Rivermead Postconcussion Questionnaire.  
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particularly if, as suggested by Gerber and Schraa (1995), some symptom domains 
(i.e., cognitive and somatic) may be considered “core components” of PCS.  
The previous research on the effect of assessment method on PCS symptom 
report has also been limited by the lack of control groups used. Table 1 shows that 
only one study has compared the influence of assessment method on symptom report 
in both an mTBI sample and control group. Gerber and Schraa (1995) examined the 
differences in volunteered and checklist elicited symptoms in three groups (mTBI, 
orthopedic control, and uninjured control). Their study found that the mTBI group 
spontaneously reported more somatic symptoms than their orthopedic and healthy 
control groups, and were the only group to spontaneously report cognitive 
symptoms. Additionally, all groups reported more symptoms on the checklist 
compared to when they spontaneously reported those symptoms, indicating that PCS 
symptom report is affected by assessment method even in individuals without a 
history of mTBI.  
The setting (i.e., observed vs. unobserved) that participants undergo 
assessment and the gender of the interviewer have also been shown to influence 
symptom report (Krol, et al., 2011). Krol and colleagues (2011) found that fewer 
symptoms were reported in response to a checklist read aloud versus being filled-in 
privately by participants during preseason assessment of athletes and that more 
symptoms were reported when the interviewer was female. These finding suggests 
that factors related to assessment method, such as interviewer effects (e.g., gender) 
and perceived anonymity can influence PCS symptom report.  
The finding that the number of symptoms reported increases with assessment 
methods involving more prompting is robust; however, how assessment method 
influences symptom severity, symptom domains, and the report of symptoms post-
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mTBI relative to a control group is not as well established. The purpose of this study 
was to expand upon earlier studies by investigating the influence of assessment 
method on a broader range of outcome metrics than previously examined in a sample 
of non-referred individuals with recent post-acute mTBI and a matched non-mTBI 
control group. This study uses an online mode of administration for both assessment 
methods to remove the influence of interviewer effects and perceived anonymity. It 
was hypothesized that irrespective of group, when participants were assessed with a 
checklist, they would report a greater number of symptoms, a higher total score on 
the NSI, higher domain severity scores (i.e., somatic/sensory, cognitive and 
affective), and more of them would meet an ICD-10 PCS caseness symptom criteria, 
than when assessed via spontaneous report. The effect of assessment method was 
also predicted to alter the symptom profile between the mTBI and control group.  
Method 
Participants  
Thirty-six participants with a self-reported history of recent mTBI were 
included in this study. A recent mTBI was defined as having occurred between one 
and six months prior to participation. The most common mechanism for the mTBI 
was a sport injury (n = 25), followed by falls (n= 7), MVA (n = 1), assault (n = 1). 
One participant did not specify the mechanism of their injury. Seventeen of the 
participants with mTBI reported previous, non-recent mTBI(s). A comparison group 
of 36 age, gender, and ethnicity matched controls was drawn from a large pool of 
participants without a history of mTBI (n = 197) using a statistical optimal matching 
procedure, Matchit, from the software package R (Ho, Imai, King, & Stuart, 2007).  
Exclusionary criteria for both groups were a) being treated for a neurological 
or psychiatric conditions in the previous 12 months; b) substantial missing data (e.g., 
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no PCS checklist), or c) submission of an invalid protocol (i.e., failed two or more 
instructional manipulation checks, see below). Control participants and participants 
with mTBI were recruited from an undergraduate participant pool and from the 
community using broadcast emails and social media advertising. Participant 
characteristics and group comparisons are shown in Table 2. This Table shows that 
there were no significant group differences on demographic variables. 
 
  Table 2  
Table 7.2 Descriptive Statistics for Participant Characteristics and Between-Group 
Comparisons 
Note: N = 72. mTBI = mild traumatic brain injury. Between-group comparisons 
were performed using Mann-Whitney U tests for continuous variables and Chi-
square tests for categorical tests (with a Fischer’s exact correction applied for 
analyses with violated assumptions). 
 
Materials 
Neurobehavioral Symptom Inventory (NSI; Cicerone & Kalmar, 1995). 
The NSI is a 22-item self-report checklist of postconcussion symptoms. The NSI is 
recommended as a supplemental measure of TBI symptoms for TBI research (Wilde 
et al., 2010) and it has strong psychometric properties (P. R. King et al., 2012). 
Participants are asked to rate how severely the symptoms had disturbed them in the 
previous two weeks on a 5-point scale (0 = none, 1 = mild, 2 = moderate, 3 = severe, 
Sample characteristic 1. Control 2. mTBI 1. vs 2. 
p (2-tailed) 
Age in years: M (SD) 22.47(6.03) 22.63(6.12) .947 
Gender: (n) 
    Male 
    Female 
 
15 
21 
 
15 
21 
 
1.00 
Caucasian (n) 31 31 1.00 
Dominant Language: (n) 
    English 
31 33 .710 
Education in years: M (SD) 13.11(2.58) 13.94(2.97) .339 
Current tertiary enrolment (n) 34 32 .674 
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4 = very severe). Total severity scores on this measure range from 0-88 (α = .949). A 
three factor model recommended by Caplan and colleagues (2010)  was used to 
derive averaged Somatic/Sensory (11 items; α =.896), Cognitive (4 items; α =.836), 
and Affective (7 items; α =.898) symptom domain severity scores. A total number of 
symptoms metric was calculated for comparability with previous studies (e.g., 
Iverson, et al., 2010) by summing the number of items endorsed at a mild or greater 
level (range 0-22). Participants were also classified as having met or not met an ICD-
10 PCS symptom caseness criteria. This caseness metric was derived by classifying 
participants as satisfying PCS criteria if they had endorsed 3 or more of the 11 NSI 
symptoms which map on to the ICD-10 (World Health Organization, 2010) PCS 
symptom criteria at a moderate or greater level.   
Spontaneous report. Two questions were included in the questionnaire to 
elicit spontaneous symptom report: First, “How have you been feeling over the past 
couple of weeks?” followed by “If you think about your health broadly, have you 
had other symptoms in the last couple of weeks? (By broadly, we mean physical, 
psychological, mental, emotional or cognitive symptoms)”. After each of these 
questions, participants list their symptom(s), using one word if possible for each 
symptom, and then rate the severity of the symptom (mild, moderate, severe or very 
severe).  
Coding. Two raters independently coded the data. Based on an approach 
devised by Iverson and colleagues (2010), and later employed by Edmed and 
Sullivan (2012), the spontaneously reported symptoms were coded as being either 
consistent or inconsistent with the 22 NSI symptoms. Symptoms that were not 
consistent with NSI items were not scored (as per G. Iverson & R. Lange, personal 
communication, July 8, 2010), but in this study they were coded separately as ‘non-
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NSI’ symptoms for descriptive analysis. Responses that were synonyms of one of the 
22 NSI items were coded as that NSI item.  
Inter-rater reliability (IRR) was calculated to determine the consistency of the 
coders’ ratings of the spontaneous symptom report across participants. IRR was 
assessed using a two-way mixed, consistency, average measures intra-class 
correlation analysis, as per Hallgren (2012). The intra correlation coefficient (ICC 
=.772) was in the “good” range (.60-.74) according to Cichetti (1994). The ICC 
indicates that the spontaneous symptoms were rated similarly by both coders. The 
discrepancies that were identified between the two coders were resolved using a 
third independent rater, whereby if two of the three raters agreed, then that response 
was scored as agreed by those coders. 
Scoring. The spontaneous report was scored as per the NSI data (i.e., 
participants’ ratings for each item that overlapped with the NSI were summed). The 
new symptoms offered in response to the second question were added to the 
symptoms reported in response to the first question to create a combined total 
spontaneous report score that could range from 0-88. Domain severity scores, the 
total number of symptoms (range 0-22), and the number of participants who met the 
ICD-10 PCS symptom caseness criteria were also calculated as per NSI data (see 
above).  
Procedure 
 Consenting participants completed the study materials online using 
KeySurvey software (WorldAPP, Version 8.2, 2013). Participants were asked a 
number of screening questions to confirm eligibility and determine group 
membership. Participants were excluded from data analysis if they responded yes to 
the question, “In the last 12 months, have you sought treatment for any mental or 
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intellectual impairment (e.g. severe brain injury, seizures or other neurological 
problems) or any psychological or psychiatric disorder (e.g. depression or 
anxiety)?”. Participants were provided with a definition of mTBI based on the World 
Health Organization (WHO) collaborating task force (Carroll, Cassidy, Holm, Kraus, 
& Coronado, 2004). The term concussion was used instead of mTBI because of its 
frequency of every-day use and the definition was phrased as follows:  
By 'concussion' we mean an acute brain injury resulting from mechanical 
energy to the head from external physical forces. Concussion can result from 
things like playing sports, motor vehicle accidents, assaults and falls. 
Symptoms include at least one of the following: Confusion or disorientation 
(e.g., not knowing where you are or what day it is); Loss of consciousness for 
30 minutes or less; Being unable to remember events that occurred after the 
blow to the head for less than 24 hours. Please indicate if and when you have 
experienced a concussion according to the above definition (we are interested 
in your most recent concussion).  
Participants were either included in the control condition if they selected the option 
“I have never had a concussion according to the above definition” or included in the 
mTBI group if they selected the option “I have had a concussion in the last 1-6 
months according to the above definition”. They were excluded if they selected an 
option that indicated that their recent mTBI was sustained within the last month or 
more than six months ago.  
 Participants first reported their demographic information. They then 
spontaneously reported any symptoms they had been experiencing. Next, 
participants reported their medical history. Participants included in the mTBI group 
identified how their most recent mTBI was sustained and whether they had prior 
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non-recent mTBIs. The symptom checklist was then completed as part of a 
questionnaire battery that included three instructional manipulation checks as per 
Oppenheimer, Meyvis, and Davidenko (2009) to check for indiscriminate 
responding. Participants were thanked for their participation and were either 
allocated bonus course credit or entered in the draw to win one of two $100 (AUD) 
gift vouchers.  
Results 
 Data were analyzed using IBM Statistical Package for the Social Sciences 
(SPSS version 21). Missing data were minimal (<5.5% of cases per variable) and 
missing completely at random (Little’s MCAR, x2 (288) =312.48, p = .154). 
Expectation Maximization (EM) was used to impute missing data as per Fox-
Wasylyshyn and El-Masri (2005). Significance was evaluated at an alpha level of 
.05. Assumption checks identified that the data were non-normal for most variables; 
however, because the results were similar for most parametric and nonparametric 
tests, parametric tests are reported, with exceptions noted. Table 3 presents the 
descriptive statistics for the individual symptoms volunteered/endorsed and within 
(i.e., spontaneous versus checklist report) and between (i.e., mTBI vs. control) group 
comparisons. Table 4 presents the descriptive statistics for the domain severity 
scores, total severity score, and total number of symptoms and the within group 
comparisons. 
Spontaneously Reported Symptoms  
 The percentage of participants that spontaneously reported NSI-equivalent 
symptoms as present (mild or greater) ranged from 0-52.8% (control group) and 0-
75% (mTBI group; see Table 3). The most commonly spontaneously reported 
symptoms were anxiety (52.8%) and fatigue (52.8%) in the control group and 
PERSISTENT SYMPTOM REPORT AFTER MTBI                     166     
 
headaches (75%) in the mTBI group. Four NSI symptoms were not endorsed 
spontaneously by either group: hearing difficulty, numbness in parts of body, change 
in taste/smell, and decision making difficulty. The items dizziness, poor 
concentration, forgetfulness and headaches, were spontaneously reported by a 
significantly higher percentage of the mTBI group than the control group, whilst 
anxiety was reported by a significantly higher percentage of the control group than 
the mTBI group (see Table 3). Spontaneously reported symptoms that did not map 
onto the NSI (i.e., non-NSI symptoms) were: pain in parts of the body other than the 
head (n = 11 control, n = 7 mTBI), confusion (n = 4 control, n = 3 mTBI), flu or 
cold-like symptoms (n = 6 control, n = 1 mTBI), language difficulties (n = 3 mTBI), 
and ‘other not classifiable’9 (n = 6 control, n = 9 mTBI).    
The mTBI group spontaneously reported a significantly greater 
somatic/sensory (t(62.84) = -2.64, p = .005, CI = [-1.41, -0.20], d = -0.63) and 
cognitive domain severity scores (t(39.99) = -3.34, p = .001, CI = [-1.61, -0.39], d = 
-0.80), and a greater total severity score (t(70) = -1.96, p = .027, CI = [-3.81, 0.04], d 
= -0.47) than the control group; however, there was no significant difference 
between the spontaneous report of the affective severity domain (t(70) = -0.11, p = 
.457, CI = [-1.62, 1.46], d = -0.03). The ‘NSI total score’ equivalent that was derived 
for the spontaneous report condition was also significantly higher in the mTBI group 
than the control group, t(70) = -2.83, p = .003, CI = [-1.94, -.34], d = -0.68. 
However, there was no significant difference between the number of participants 
who were classified as meeting ICD-10 PCS criteria in the control group (19.4%) 
and the mTBI group (33.3%) when symptoms were assessed spontaneously, x2 = 
1.79, p =.142, Φ = .16, OR = 2.07).  
                                                 
9 These unclassifiable symptoms non-NSI symptoms included: diarrhea, earache, happiness (n = 3), 
insecurity, listless, restless, arrhythmia, blackouts, bruising, existential thoughts, mood changes, 
muscle tension, and personality changes.  
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Table 3 
Table 7.3 Percentage of participants who Endorsed an item at a Mild or Greater Level  
 Control Group (n =36)  mTBI Group (n =36)      
Symptom items 1. 
Spontaneous 
Report 
2. NSI 1 vs. 
2 
 
3. 
Spontaneous 
Report 
4. NSI 3 vs. 4 
 
1 vs 3 2 vs 4 
 n (%) n (%) Φ n (%) n (%) Φ x2(1) Φ x2(1) Φ 
Somatic/Sensory symptoms:           
Dizziness 3 (8.3) 16 (44.4) .36** 13 (36.1) 27 (75) .34** 8.04* .34 6.99* .31 
Loss of balance 0 (0) 7 (19.4) .19* 4 (11.1) 22 (61.1) .50** 4.24 .24 12.99** .43 
Poor coordination/clumsy 0 (0) 14 (38.9) .39** 1 (2.8) 21 (58.3) .56** 1.01 .12 2.72 .20 
Nausea 2 (5.6) 12 (33.3) .28* 6 (16.7) 21 (58.3) .37** 2.25 .18 4.53* .25 
Vision problems/blurring 2 (5.6) 9 (25) .19* 1 (2.8) 13 (36.1) .33** 0.35 .07 1.05 .12 
Sensitivity to light 0 (0) 12 (33.3) .33** 1 (2.8) 20 (55.6) .53** 1.01 .12 3.60 .22 
Hearing difficulty 0 (0) 7 (19.4) .19* 0 (0) 14 (38.9) .39** - - 3.60 .21 
Sensitivity to noise 0 (0) 7 (19.4) .19* 2 (5.6) 16 (44.4) .39** 2.06 .17 5.18* .27 
Numbness in parts of body 0 (0) 13 (36.1) .36** 0 (0) 11 (30.6) .31** - - .250 .06 
Change in taste/smell 0 (0) 24 (66.7) .67** 0 (0) 17 (47.2) .47** - - 2.78 .20 
Change in appetite 1 (2.8) 24 (66.7) .64** 2 (5.6) 17 (47.2) .42** 0.35 .07 2.78 .20 
Cognitive Symptoms:           
Poor concentration 2 (5.6) 29 (80.6) .75** 10 (27.8) 32 (88.9) .61** 6.40* .30 0.97 .12 
Forgetfulness 0 (0) 24 (66.7) .67** 8 (22.2) 26 (72.2) .50** 9.00* .35 0.26 .06 
Decision-making difficulty 0 (0) 18 (50) .50** 0 (0) 21 (58.3) .58** - - 0.50 .08 
Slowed thinking 0 (0) 17 (47.2) .47** 2 (5.6) 21 (58.3) .53** 2.06 .17 0.89 .11 
Affective Symptoms:           
Headache 12 (33.3) 26 (72.2) .39** 27 (75) 32 (88.9) .10 12.59** .42 3.19 .21 
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Fatigue/loss of energy 19 (52.8) 27 (75) .18* 22 (61.1) 33 (91.7) .31** 0.51 .08 3.60 .22 
Difficulty falling/staying asleep 3 (8.3) 16 (44.4) .31** 4 (11.1) 27 (75) .54** 0.16 .05 6.99* .31 
Anxiety 19 (52.8) 26 (72.2) .10* 7 (19.4) 24 (66.7) .38** 8.67* .35 0.26 .06 
Depression 6 (16.7) 23 (63.9) .47** 1 (2.8) 22 (61.1) .58** 3.96 .23 0.06 .03 
Irritability 5 (13.9) 25 (69.4) .56** 5 (13.9) 24 (66.7) .53** 0.00 .00 0.06 .03 
Poor frustration tolerance 2 (5.6) 20 (55.6) .50** 1 (2.8) 25 (69.4) .67** .35 .07 1.48 .14 
Note. N = 72. mTBI = mild traumatic brain injury; NSI = Neurobehavioral Symptom Inventory. Φ = Phi effect size.  
** p <.001 (one-tailed). *p <.05  
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Checklist Endorsed Symptoms  
 The percentage of participants that endorsed each NSI symptom as mild or 
greater ranged from 19.4% to 80.6% (control group) and 30.6% to 91.7% (mTBI 
group; see Table 3). The most commonly endorsed symptom was poor concentration 
(80.6%) in the control group, and fatigue (91.7%) in the mTBI group. All symptoms 
were endorsed by at least some participants from both groups. The symptoms of 
dizziness, loss of balance, nausea, sensitivity to noise, and difficulty falling/staying 
asleep were endorsed by a significantly higher percentage of mTBI participants 
compared to the control group (see Table 3).  
The mTBI group reported a significantly greater affective domain severity 
score (t(70) = -1.83, p = .036, CI = [-5.51, 0.23], d = -0.44) and total score (t(70) = -
1.68, p = .049, CI = [-13.46, 1.15], d = -0.40) than the control group; however, there 
was no difference in the checklist endorsement of the cognitive (t(70) = -1.08, p = 
.143, CI = [-2.38, 0.71], d = -0.26) or somatic/sensory (t(70) = -1.53, p = .065, CI = 
[-6.19, 0.82], d = -0.37)10 domain severity scores, respectively. The total number of 
symptoms spontaneously endorsed at a mild or greater level was significantly higher 
in the mTBI than the control group, t(70) = -1.70, p = .047, CI = [-5.43, .43], d = -
0.41 and the number of participants who met ICD-10 PCS criterion was significantly 
greater in the mTBI group (72.2%) than the control group (38.9%), x2 = 8.10 p 
=.004, Φ = .34, OR = 4.09.  
Cross-method comparisons: Spontaneously Reported Symptoms versus 
Checklist Endorsed Symptoms 
Table 4 shows that overall, a greater number and greater severity of 
symptoms (total and domain scores) was endorsed on the checklist than when 
                                                 
10 Note. The somatic/sensory variable was significantly different between the mTBI and Control 
groups when analyzed using the nonparametric Mann-Whitney U test, U = 479.50, p = .029, r = .22.  
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symptoms were spontaneously reported. The effect sizes for these comparisons were 
large. Using McNemar’s test of paired proportions, 33.3% and 72.2% of the mTBI 
group met an ICD-10 PCS caseness criteria when assessed using the spontaneous 
and checklist methods respectively, and this difference was statistically significant 
(p<.001, Φ = .58; large effect). If they had reported a history of mTBI, 19.4% and 
38.9% of control participants would have met ICD-10 PCS criteria when assessed 
using the spontaneous and checklist methods respectively, and this difference was 
statistically significant (p = .033, Φ = .35; medium effect). Table 5 presents the 
percentage of participants who endorsed symptoms on the checklist when that 
symptom was not previously spontaneously reported. The symptoms most 
vulnerable to this effect were fatigue and poor concentration in the mTBI sample, 
and poor concentration, change in appetite, and change in taste/smell in the control 
group.  
Within Method Comparisons: The Effect of Assessment Method on the 
Symptom Profile 
For each assessment method, a repeated measures ANOVA was conducted to 
investigate whether some domain severity scores were greater than others. These 
analyses compared the three domain severity scores (somatic/sensory, affective, and 
cognitive) within each assessment method (spontaneous report and checklists). 
These analyses were conducted first for the control group, and then for the mTBI 
group. In both groups, significant differences in the domain severity scores were 
identified for the spontaneous method and checklist method (all p <.001). Follow up 
analyses using Wilcoxon’s signed-rank tests were performed (see Table 6). Table 6 
shows that for both groups, in both assessment methods, the symptom domains were 
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differentially reported, with the following exceptions: 1) the somatic/sensory and 
cognitive domain severity score did not differ significantly from one another when
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  Table 4 
Table 7.4 Average Domain Severity Scores, Total Severity Score and Total Number of Symptoms Within and Between Group Comparisons 
 Control Group (n =36)   mTBI Group (n =36)     
Outcome 
Metric 
1. Spontaneous 
Report 
2. Checklist 
Endorsed 
1 vs 2 3. Spontaneous 
Report 
4. Checklist 
Endorsed 
3 vs 4 1 vs 3 2 vs 4 
 M (SD) M (SD) t(35) d M (SD) M (SD) t (35) d d d 
Somatic/ 
Sensory  
 
0.04(0.09) 
 
0.61(0.68) 
 
-5.17** -1.18 
 
0.11(0.14) 
 
0.85(0.68) 
 
-7.16** -1.52 
 
-0.63*
 
-0.37 
Cognitive  0.03(0.12) 1.01(0.83) -7.14** -1.65 0.28(0.43) 1.22(0.81) -8.62** -1.44 -0.80* -0.26 
Affective  0.52(0.51) 1.08(0.86) -4.98** -0.79 0.53(0.42) 1.45(0.88) -8.16** -1.33 -0.03 -0.44* 
Total 
Severity  
 
4.17(4.20) 
 
18.25(15.91)
 
-5.93** -1.21 
 
6.06(3.99) 
 
24.41(15.16) 
 
-8.68** -1.66 
 
-0.47*
 
-0.40* 
Total 
Number 
 
2.11(1.77) 
 
11.00(6.39) 
 
-9.63** -1.90 
 
3.25(1.65) 
 
13.5(6.08) 
 
-11.19** -2.30 
 
-.68* 
 
-0.41* 
Note. N = 72. mTBI = mild traumatic brain injury.  
** p <.001 (one-tailed). *p <.05  
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  Table 5  
Table 7.5 The Percentage of Participants that Endorsed a Symptom on the NSI at a Mild or Greater and Moderate-Severe Level when that Symptom was 
not Previously Reported in Response to the Open Ended Question 
 Control Group  mTBI Group 
  NSI   NSI 
Symptoms                na Mild or 
greaterb
Moderate-severec  na Mild or greaterb Moderate-severec 
Dizziness 33 39.4 12.1  23 65.2 21.7 
Loss of balance 36 19.4 8.3  32 56.3 32.3 
Poor coordination/clumsy 36 38.9 19.4  35 57.1 34.3 
Nausea 34 29.4 8.8  30 53.3 23.3 
Vision problems/blurring 34 20.6 11.8  35 34.3 20.0 
Sensitivity to light 36 33.3 8.3  35 54.3 20.0 
Hearing difficulty 36 19.4 8.3  35 40 8.3 
Sensitivity to noise 36 19.4 8.3  34 41.2 17.6 
Numbness in parts of body 36 36.1 2.8  36 30.6 16.7 
Change in taste/smell 36 66.7 41.7  36 47.2 27.8 
Change in appetite 35 65.7 42.9  34 44.1 26.5 
Poor concentration 34 79.4 44.1  26 84.6 42.3 
Forgetfulness 36 66.7 25  28 64.3 32.1 
Decision-making difficulty 36 50 25  36 58.3 30.6 
Slowed thinking 36 47.2 16.7  34 55.9 26.5 
Headache 24 58.3 8.3  9 66.7 33.3 
Fatigue/loss of energy 17 52.9 23.5  14 78.6 50 
Difficulty falling/staying asleep 33 42.4 15.2  32 78.1 37.5 
Anxiety 17 58.8 17.6  29 65.5 37.9 
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Depression 30 56.7 10  35 60 31.4 
Irritability 31 64.5 38.7  31 61.3 32.3 
Poor frustration tolerance 34 52.9 23.5  35 68.6 31.4 
Note. N = 72. NSI = Neurobehavioral Symptom Inventory. 
a The variation in sample size is due to the variation in the number of participants who did not endorse the items spontaneously. bPercentage of 
those participants that endorsed the symptom as a mild problem or worse on the NSI, despite not endorsing the item spontaneously. cPercentage 
of those participants that endorsed the symptom as a moderate or severe problem on the NSI, despite not endorsing the item spontaneously.  
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spontaneously reported in the control group; and 2) the affective and cognitive 
domain severity scores did not differ significantly from one another when checklist 
endorsed in the control group. 
 
Table 6 
 
Table 7.6 Wilcoxon’s Signed-Rank Tests Comparing Symptom Reports within Assessment 
Types 
 
 Control Group mTBI Group 
Domain severity score  t(35)  p  d  t(35) p d 
Spontaneous report       
   Somatic/Sensory vs cognitive 0.29 .386 0.09 -2.33 .013 -0.53 
   Somatic/Sensory vs affective -5.83 <.001 -1.31 -5.85 <.001 -1.34 
   Affective vs cognitive -6.10 <.001 0.59 -2.63 .007 0.59 
Checklist endorsed       
   Somatic/Sensory vs cognitive -5.54 <.001 -0.52 -3.10 .002 -0.49 
   Somatic/Sensory vs affective -6.31 <.001 -0.61 -5.98 <.001 -0.76 
   Affective vs cognitive -0.74 .234 0.08 -2.36 .012 0.27 
Note. N = 72. mTBI = mild traumatic brain injury; t = paired samples t-test statistic; 
d = Cohen’s d for paired samples.  
 
The Influence of Prior mTBI on Symptom Report 
A final analysis was conducted to investigate whether a prior concussion 
history influenced the spontaneous or checklist symptom report. This analysis was 
undertaken because the mTBI sample varied in terms of prior mTBI history and 
research suggests that previous mTBIs can be associated with prolonged recovery 
and greater likelihood of complications (McCrory et al., 2013). In the mTBI group, 
there was a trend for participants with a history of previous concussions to 
spontaneously report a greater total symptom score (M = 7.18, SD = 4.57) than 
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participants with an isolated mTBI (M = 5.05, SD = 3.17) but this difference was not 
statistically significant, t(34) = -1.63, p = .056, CI = [-4.77, 0.51], d = 0.56). When 
assessed using the checklist, participants with prior concussion history had a similar 
total score (M = 26.33, SD = 16.80) than participants with an isolated mTBI (M = 
22.68, SD = 13.76), t(34) = -0.72, p = .240, CI = [-14.00, 6.71], d = 0.23).  
Discussion 
 The aim of this study was to investigate the influence of assessment method 
on symptom reporting after mTBI. It was hypothesized that symptom report would 
be greater when elicited on an online checklist compared to when symptoms were 
spontaneously reported. The results support this hypothesis. Both the mTBI and 
control group reported more of each specific symptom (except headaches in the 
mTBI group), a greater number of symptoms, a greater total severity score and 
domain severity scores, and a greater number of people met the ICD-10 PCS 
caseness criteria when assessed on the checklist than when spontaneously 
volunteering symptoms. The effect sizes for all these comparisons were generally 
large (d > .80; Cohen, 1992), and tended to be larger for the mTBI group than for the 
control group. Therefore, assessment method significantly affects a variety of 
symptom report metrics. These results are consistent with the findings from other 
studies (Edmed & Sullivan, 2012; Gerber & Schraa, 1995; Iverson, et al., 2010; 
Nolin, et al., 2006; Villemure, et al., 2011). This study extends these previous studies 
by demonstrating that severity scores and clinical thresholds are also affected by 
assessment method. Furthermore, as in the study by Iverson and colleagues (2010), 
participants would endorse symptoms on the checklist even when they had not 
reported those symptoms spontaneously, and for some participants, these symptoms 
were endorsed at a moderate-to-severe level. As noted by Gerber and Schraa (1995) 
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it is likely that the increased prompting (such as when symptoms are elicited on a 
standardized checklist) increases sensitivity, but at the cost of specificity. 
It was also hypothesized that the symptom domains that differentiated the 
mTBI group from the control group would be different depending on the assessment 
method. This hypothesis was also supported. In the spontaneous report condition, the 
somatic and cognitive severity domain scores differentiated the groups, whereas only 
the affective domain differentiated the groups when symptoms were elicited on the 
checklist. The affective domain was the highest endorsed domain in the spontaneous 
method, whilst both affective and cognitive symptoms were similarly frequently 
endorsed in the checklist method. A comparison with prior research is difficult 
because previous studies have not grouped the symptoms according to empirically 
derived domains as was done in the current study; therefore symptom groupings are 
not identical. However, headaches were the most frequently spontaneously 
volunteered symptom in the mTBI group (75%) in this study and in the studies by 
Gerber and Schraa (40.9%; 1995), and Iverson and colleagues (73.8%; 2010).  
Contrary to Gerber and Schraa (1995), the spontaneous assessment method 
was not the only assessment method that differentiated the mTBI and control groups. 
In fact, when comparing the groups on the ICD-10 symptom criteria, the checklist, 
not the spontaneous report, significantly differentiated the groups. However, other 
metrics differentiated the groups in both assessment methods. Specifically, both the 
spontaneous and checklist methods differentiated the groups in terms of total 
severity scores and the total number of symptoms reported. The finding that the 
mTBI group reported greater symptoms than the control group contradicts findings 
from other studies (Meares et al., 2008; Meares et al., 2011). A causal relation 
between the mTBI and symptoms should not be inferred based on these findings; it 
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is likely that there are a number of factors influencing the report of symptoms that 
this study was unable to characterize. 
  Overall, the results of this study suggest that participants are either over-
endorsing symptoms on the checklist or underreporting symptoms spontaneously, or 
both (Iverson, et al., 2010). If participants are over-endorsing symptoms on the 
checklist it may be that this assessment method is more vulnerable to some of the 
psychosocial factors that have been shown to influence symptom report after mTBI; 
for example, expectation as etiology (Mittenberg, DiGiulio, Perrin, & Bass, 1992), 
the “good old days” bias (Gunstad & Suhr, 2001, 2002), or symptom exaggeration 
(Lange, Iverson, Brooks, & Ashton Rennison, 2010). This suggestion is supported 
by the observation that the factor by which participants with mTBI increased their 
symptom report from the spontaneous condition to the checklist condition was not 
identical to the control group. A concerning implication of this study is that the 
inflation of symptoms reported on the checklist may reinforce negative expectations 
for negative consequences after mTBI. Vanderploeg and Belanger (2013, p. 215) 
have argued that the evaluation of patients using structured methods may “create 
problems where none existed”. Certainly, the finding that symptom report is 
potentially inflated using checklist methods of assessment supports this argument. 
However, it may be that people do not realize the salience of such symptoms in an 
evaluation until they are prompted to endorse them. The difference in the report of 
affective symptoms across the assessment methods in this study is consistent with 
this explanation.   
 This study has a number of limitations. The participants’ mTBI history was 
self-reported and therefore unverified. Additionally, we characterized time since 
injury within a range only. This range was used to exclude participants who were in 
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the acute or very chronic stages of the injury, however, future research should 
stratify results by time since injury as this factor may affect symptom report (see 
Villemure, et al., 2011). Related, a longitudinal design is also recommended to better 
characterize how symptom report changes over time. A number of metrics were used 
in this study, some of which were derivatives; therefore, the findings should not be 
interpreted as if for independent measures. This study also had small sample sizes; 
nevertheless, significant differences were detected and effect sizes are reported. 
Furthermore, the sample was predominately comprised of university students who 
may not be representative of the general population, and findings may not generalize 
to other clinical samples such as patients seeking assessment and rehabilitation.  
 The strengths of this study include that we recruited a non-referred sample of 
participants who had sustained an mTBI from the community. Most studies recruit 
participants from medical settings, yet most people who sustain an mTBI never 
present formal medical evaluation at the time of the injury. Therefore, participants 
from this study may be more representative of the “unselected population” (Iverson, 
et al., 2013, p. 488) who sustain an mTBI. This study also used a control group. 
Previous studies in this area have typically not used a control group (for an exception 
see Gerber & Schraa, 1995), and it captured participants’ ratings of the severity of 
the symptom that they spontaneously reported whereas previous research has not 
captured this information11. Finally, by administering the assessments online, this 
study removed the confounds of interviewer effects, gender of interviewer, and 
perceived anonymity, which have been shown to influence symptom report (see 
Krol, et al., 2011), thus demonstrating that assessment method influences symptom 
report even when these factors are removed.  
                                                 
11 Whilst Gerber and Schraa (1995) state that they captured severity ratings in their Procedure, they do 
not appear to have analyzed the severity ratings in the Results.  
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Iverson and colleagues (2013) argue that a comprehensive assessment, 
including a thorough history taking by interview, is crucial for accurate differential 
diagnosis. This study has shown that different assessment methods provide different 
information about a patient’s symptom profile. Therefore, the use of a serialized 
assessment approach, first using more open-ended assessment methods then 
following up with a more structured checklist approach, and then clarifying 
checklists responses, may provide the most useful information. An open-ended 
assessment method may give the clinician insight into the most problematic 
symptoms for that patient, which may help identify problems that could benefit from 
symptom-specific treatment approaches (e.g. interventions targeting sleep 
disturbances), whereas checklist methods may provide useful information that can be 
compared to normative data. However, clinicians also need to be mindful that 
symptom assessment may reinforce negative expectations or be iatrogenic for some 
patients and take steps to mitigate this possibility.  
It is recognized that evaluating outcome from mTBI is challenging because 
the factors that influence the report of the nonspecific symptoms that characterize 
PCS are multifactorial (Iverson, et al., 2013; McCrea, et al., 2009). This study adds 
to the existing body of literature examining factors that influence symptom report 
after mTBI by characterizing the report of symptoms across two methods: 
spontaneous report and standardized checklist. This study found that each of the 
number, severity, clinical thresholds of PCS, and the profile of symptoms reported 
were significantly affected by assessment method. The clinical and research 
implications of this study are significant. Clinicians and researchers should 
appreciate the differences between assessment methods and carefully consider the 
way their chosen assessment method may be influencing the specificity and 
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sensitivity of their evaluation. More broadly, this study provides further support for 
the findings that non-injury related factors influence symptom report after mTBI. 
  (Caplan et al., 2010; Carroll, Cassidy, Holm, et al., 2004; Cassidy et al., 2004; Cicchetti, 1994; Cicerone & Kalmar, 1995; Coronado et al., 2013; Edmed & Sullivan, 2012a; Ettenhofer & Barry, 2012; Faul et al., 2010; Fox‐Wasylyshyn & El‐Masri, 2005; Gerber & Schraa, 1995; Gunstad & Suhr, 2001, 2002; Hallgren, 2012; Ho, 1999; Iverson, 2006b; Iverson, Brooks, et al., 2010; Iverson & Lange, 2003; Iverson & McCracken, 1997; Iverson, Silverberg, et al., 
2013; Iverson, Zasler, et al., 2007; King et al., 2012; Krol et al., 2011; Lange, Iverson, Brooks, et al., 2010; Larrabee et al., 2013; McCrea et al., 2009; McCrory et al., 2013; Meares et al., 2008; Meares et al., 2011; Mittenberg et al., 1992; Mulhern & McMillan, 2006; Nolin et al., 2006; Oppenheimer et al., 2009; K. A. Sullivan & Edmed, 2012a; Tagliaferri et al., 2006; Vanderploeg & Belanger, 2013; Villemure et al., 2011; Wagner, 2007; Wang, Chan, & Deng, 2006) 
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Chapter 8:  General Discussion 
The four studies presented in this document address the influence of a 
number of psychosocial factors (i.e., expectations, diagnosis threat, the “good old 
days” bias, and iatrogenesis [diagnostic terminology and assessment method]) 
identified in Iverson, Silverberg, and colleagues’ (2013) biopsychosocial model of 
outcome from mTBI. The overall aim of this thesis was to better understand the 
factors that contribute to the report of expected, current, and retrospectively reported 
(premorbid) PCS symptoms.  
As each of the studies’ specific findings have already been discussed in their 
respective papers, this chapter presents an integrated discussion of the studies’ 
findings. The practical and theoretical implications of the thesis are then discussed, 
with a specific emphasis on the way that the results of this thesis can be applied to 
targeting PCS prevention and improving mTBI and PCS assessment practices. 
Finally, the strengths, limitations, future directions, and overall conclusions of the 
research are presented.  
8.1 Integration of Key Findings 
Four papers were presented in this thesis that addressed the overall research 
question, which was: What factors influence the report of expected, current, and 
retrospectively reported (premorbid) PCS symptoms? The first two studies of this 
research program examined the factors that influenced the report of expected 
persistent symptoms from an mTBI. The final two studies of the research examined 
the factors that influenced current and retrospectively reported (premorbid) 
symptoms after an mTBI.  
8.1.1 Examination of injury perceptions and persistent symptom 
expectations from mTBI. Many leading authors in this field conclude that 
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expectations play a substantial role in the development or maintenance of poor 
outcome subsequent to mTBI (Gunstad & Suhr, 2004; McCrea, 2008; Mittenberg et 
al., 1992; Suhr & Wei, 2013; Vanderploeg et al., 2006), yet very little research has 
attempted to understand how expectations are formed and the factors that influence 
them. Studies 1 and 2 add substantially to our understanding of expectations. These 
studies demonstrated that specific psychosocial variables can affect this factor.  
The aim of the first two studies of this research program was to investigate 
how the following factors influence expectation of outcome from mTBI: injury-
cause, contact-sport participation, prior personal knowledge of mTBI, and diagnostic 
terminology. The results from the first study suggest that, for non contact-sport 
players, injury-cause and prior personal knowledge of mTBI influenced expectations 
of outcome from mTBI. However, contact-sport players’ expectations of mTBI 
outcome were generally not influenced by these variables. This finding suggests that 
the factors that influence expectations from mTBI may be different for these two 
samples.  
It is unclear why contact-sport players appear to be uninfluenced by factors 
that influence non contact-sport players’ expectations; however, this finding suggests 
that some caution may be needed before generalizing results from one of these sub-
groups to the other. Although no demographic differences between these groups 
were noted, other variables that were not captured in this research may account for 
these findings. Literature from different study areas suggest that athletes differ from 
nonathletes on a number of variables; for example, athletes have higher extraversion 
and lower neuroticism (McKelvie, Lemieux, & Stout, 2003), lower intelligence 
(Slusher, 1964), higher sensation seeking (Hartman & Rawson, 1992), and lower 
levels of depression (Armstrong & Oomen-Early, 2009) than nonathletes.  
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The second study in the thesis focused exclusively on the influence of 
diagnostic terminology (concussion versus mTBI versus no diagnostic label) on 
contact-sport players’ expectations of outcome. This study also found that this factor 
did not influence contact-sport players’ expectations of outcome from mTBI. 
Therefore, this research program did not uncover any factors that altered contact-
sport players’ expectations of outcome, and as such more research is needed to 
clarify the expectation factor in this sample. Figure 8.1 depicts the variables that 
influenced persistent symptom expectations and injury perceptions of an mTBI in 
each sample.  
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Figure 8.1. Conceptualization of factors that influence expectations and injury perceptions of an mTBI in non contact-sport players and contact-
sport players. aFinding taken from Sullivan, Edmed, and Kempe (2014).  
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The biopsychosocial model that provided the conceptual framework for this 
thesis did not specify to which population(s) it applies. It is unknown how 
comparable are civilian, military, and sport mTBI, or whether viewing these 
populations similarly is productive. The first two studies of this research program 
suggested that the variables that influence expectations, a factor known to influence 
clinical recovery and outcome for some patients, are different between contact-sport 
players and non contact-sport players. This thesis suggests that the operation of some 
of the variables in the biopsychosocial model may be population dependent.  
Despite the findings that contact-sport players’ expectations were not 
influenced by injury-cause or prior experience with an mTBI, overall, contact-sport 
players and non contact-sport players reported similar injury perceptions and 
expected similar PCS, PTSD, and atypical symptoms of an mTBI (with a small 
number of exceptions for an MVA-related mTBI). Only one previous study has 
compared contact-sport players’ and non contact-sport players’ expectations of PCS 
symptoms (Gunstad & Suhr, 2001). It found that contact-sport players expected 
fewer PCS symptoms than non contact-sport players of an mTBI sustained in an 
MVA. The fact that Study 1 did not replicate this earlier finding could suggest that 
contact-sport players’ expectations may have changed since Gunstad and Suhr’s 
(2001) early research in response to the increased awareness of the potential for long 
term negative consequences of cumulative concussions (Michael, 2013) or increased 
media coverage on concussion in sport (e.g., Partridge & Hall, 2013). The finding 
that contact-sport players do not hold more positive expectations of recovery from an 
mTBI than non contact-sport players, suggests that there may be other factors that 
influence the differential recovery rates between civilian trauma patients and 
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contact-sport players, rather than expectations as previously proposed (Gunstad & 
Suhr, 2001). 
Figure 8.1 illustrates that injury-cause and personal knowledge of mTBI 
influenced expectations for non contact-sport players. In terms of the variable 
‘injury-cause’, the results showed that PCS affective and PTSD symptoms were 
affected by the context in which the mTBI was sustained in (i.e., MVA versus 
sporting accident). This suggests participants may have inferred psychologically 
traumatizing aspects of an injury sustained in an MVA. If expectations are 
heightened after an injury sustained in traumatizing circumstances, then this factor 
may serve to compound the expectation etiological sequence, as originally proposed 
by Mittenberg and colleagues (1992). The results from Study 1 also showed that 
participants without personal knowledge of mTBI perceived mTBI as a more chronic 
injury and as resulting in more PCS and PTSD symptoms. In sum, these findings 
suggest that factors unrelated to the traumatically induced physiological disruption 
of brain function can influence expectations for some individuals and require careful 
consideration. These studies served to further clarify the nature of the expectation 
factor identified in the biopsychosocial model of outcome from mTBI by 
demonstrating that variables unrelated to injury severity can influence expectations. 
These studies also highlighted the relevance of population differences to the 
influences of these variables on expectation. More research is needed to understand 
whether other factors (e.g., perceptions of who is to blame for causing the mTBI) 
may influence, or account for different expectations of outcome from mTBI. 
8.1.2 The influence of assessment practices on symptom report. The 
assessment practices of clinicians have previously been shown to influence test 
performance using a diagnosis threat experimental paradigm. The aim of the final 
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two studies of the research program was to examine whether assessment practices 
(including injury screening and assessment method), influence current and 
retrospectively reported (premorbid) symptoms. Given that a diagnosis of PCS relies 
heavily on symptom report, and in particular the assessment of whether symptoms 
have worsened since the injury, the importance of this factor is clear.  
The diagnosis threat experimental paradigm was adapted for use in Study 3 
as a proxy to examine the assessment practice of injury screening before symptom 
assessment. Participants who had a potential history of mTBI were randomly 
allocated to two conditions, one of which was intended to activate a subtle and 
indirect diagnosis threat cue by screening participants for their mTBI history before 
they reported their current and retrospective-premorbid symptoms. In contrast, the 
neutral group did not have their most recent mTBI drawn to their attention and were 
screened for their injury history after reporting their current and retrospective-
premorbid symptoms. The results of these studies suggest that the positioning of the 
history taking in the assessment may prime participants who have a motivation to 
return-to-play to minimize their symptom report, or only report symptoms that they 
feel are attributable to the information uncovered during that history taking.  
Study 3 found that diagnosis threat did affect symptom report, though not in 
the direction predicted. Unexpectedly, contact-sport players reported more 
symptoms under neutral conditions than participants in a condition designed to 
activate a diagnosis threat cue. Paper 3 offered a number of explanations for this 
unexpected finding. Perhaps the most likely of these explanations is that in this 
particular sample (i.e., contact-sport players), there is a motivation to under report 
symptoms that may be seen as attributable to an mTBI in order to continue playing 
competitively (Lovell et al., 2002). The results from Study 3 suggest that assessment 
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practices may have a potent impact on current symptom report of individuals with a 
history of mTBI, though not in the direction initially expected.  
 The diagnosis threat condition did influence retrospectively reported 
(premorbid) symptoms, as hypothesized. When the negative event (i.e., the mTBI) 
was drawn to participants’ attention, they demonstrated a recall bias, known as the 
“good old days” bias; that is, participants reported being healthier premorbidly than a 
control group who had never sustained an mTBI. However, participants in the 
neutral group did not report being healthier in the past than the control group. This 
finding suggests that assessment practices can influence the potency of patients’ 
recall bias. The findings from this thesis further clarify the factors that influence the 
“good old days” bias by showing that this factor can be enhanced by drawing 
attention to the history of mTBI. Overall, the findings from Study 3 demonstrate that 
current and retrospective symptom report can be influenced by experimentally 
manipulated assessment practices, which should be borne in mind during clinical 
evaluations and in research settings. 
  The final paper in the thesis extended the third study’s investigation of 
assessment practices by examining the influence of assessment method on symptom 
report. Study 4 examined whether symptom report differed when participants 
reported symptoms spontaneously (i.e., in response to two open-ended questions) or 
on a standardized structured checklist (i.e., the NSI). The results of this study 
indicated that, as in Study 3, the choices that clinicians make about how to approach 
assessment can influence symptom report. Specifically, this study found that 
assessment method influenced the report of a wide range of variables, including the 
number, severity (checklist > spontaneous report), and type of symptoms reported. 
The findings that assessment method influences symptom report suggest that this 
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factor could influence clinical decisions. This research highlights the iatrogenic 
potential of assessment method. The act of suggesting a symptom to a respondent 
(e.g., through the use of a checklist), or probing for symptoms (e.g., via repeated 
questioning in an interview), may create an expectation of that symptom, where no 
expectation previously existed (Wood, 2004). Alternatively, the use of more 
standardized assessment methods may prompt accurate recall. It is difficult to know 
whether the discrepancy between symptoms reported spontaneously and via more 
standardized methods indicates over reporting or more accurate prompted recall.  It 
is likely that the reasons for such discrepancies differ for individuals and that 
clinicians could should seek to further investigate possible reasons for such 
discrepancies if they are observed.      
8.2 Theoretical Contribution 
Figure 8.2 integrates the findings from the research program into a proposed 
refinement of the biopsychosocial model that, if replicated, could be incorporated 
into Iverson, Silverberg and colleagues’ (2013) biopsychosocial model of outcome 
from mTBI. Figure 8.2 shows that injury-cause and prior experience with mTBI 
could be positioned as preinjury factors that may influence expectations. Based on 
the findings of Study 3, figure 8.2 shows that diagnosis threat can exert an influence 
on the “good old days” bias factor. Based on the findings from Study 4, the proposed 
model adds assessment method as a factor that can influence symptom report.  
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Figure 8.2. A proposed remodeling of factors that may influence PCS symptom report or expectations of mTBI outcome in some individuals. 
Bolding indicates factors that were examined in research program. Underlining indicates factors proposed for inclusion in model.  
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It should be noted that the factors included in this remodeling at this stage are sample 
dependent. That is, some factors appear to be potent in one sample (e.g., non contact-
sport players) but not others (e.g., contact-sport players). Specifying the sample for 
which modelled factors apply challenges the assumption that the factors specified in 
Iverson’s biopsychosocial conceptualization of outcome apply similarly across 
patient groups (e.g., civilians, sports people, military). Therefore, the factors in this 
proposed model do not necessarily apply to all samples. Also of note, some of the 
relationships specified in this model are likely bidirectional and their relative 
contribution to outcome is unknown, however assessing these aspects were beyond 
the scope of the thesis. Overall, the findings of this program of research add to our 
understanding of the ways that expected, current, and retrospective symptom report 
can be affected by a range of psychosocial factors in addition to the injury itself. 
8.3 Practical Applications 
The findings of this research program have important implications for the 
broader domains of PCS prevention and assessment. Given that poor recovery 
expectations are a major predictor of poor outcome in people with mTBI (Whittaker 
et al., 2007) information, education and reassurance preventative strategies that are 
aimed at addressing negative expectations are commonly used in this area because 
such strategies are brief and cost effective (Al Sayegh et al., 2010; Snell et al., 2009). 
However, Al Sayegh and colleagues’ (2010) systematic review revealed that the 
effectiveness of such approaches may have been overstated. The effectiveness of 
such strategies may be improved by better understanding the factors that influence 
expectation and by identifying who might benefit most from them. Understanding 
the factors that influence mTBI recovery expectations will be useful to inform 
clinical management of mTBI and potentially preventing the development of PCS. 
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For example, findings from Study 1 suggest that individuals who sustain an injury in 
traumatizing circumstances (e.g., MVA) may benefit from preventions aimed at 
interrupting the expectation etiological sequence that may be compounded in this 
group. Clinicians may wish to explore and address negative recovery expectations 
early-on to reduce the likelihood of PCS symptoms developing.  
Understanding the factors that influence expectations also provide insight 
into strategies that may not be effective for some individuals. The goal of many 
information, education, and reassurance preventions is to normalize symptoms. 
Some researchers have suggested that the use of the term ‘concussion’, rather than 
mTBI may facilitate this goal (Hoge et al., 2008). However, the results of Study 2 
suggest that such an approach may not be as effective in contact-sport players as it 
would be with adult trauma cases.  
Successful mTBI management relies on evaluations that are comprehensive, 
but not iatrogenic, and considers other etiological factors that may be influencing 
persistent symptom report. The findings from Study 3 suggest that when evaluating 
athletes, clinicians should consider the timing of their history taking, to ensure that 
they are obtaining a comprehensive picture of the player’s symptom experience. The 
findings from Study 4 encourage clinicians to carefully consider how their chosen 
assessment method (or combination of methods) may influence their clinical 
evaluations of PCS symptoms and their diagnostic conclusions. Given that the two 
assessment methods resulted in different symptom profiles, clinicians should be 
cautioned against the use of a single diagnostic tool when assessing PCS symptoms. 
Iverson, Silverberg, and colleagues (2013) recommend that an assessment should be 
comprehensive for better differential diagnosis. Study 4 recommended that a 
serialized assessment may provide important discriminating information and an 
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insight into other factors that may be influencing the symptom report (e.g., 
suggestibility). A serialized assessment may involve asking patients to 
spontaneously report symptoms, then enquiring about symptoms using more 
structured methods (e.g., checklist), and then following up responses to clarify 
discrepancies.  
 The findings from studies 3 and 4 suggest that assessment is complex and can 
affect symptom report in a range of ways. Given the possibility of iatrogenic 
influences on PCS symptom reporting, healthcare practitioners should take care to 
avoid inaccurate diagnosis by considering the range of factors that have been 
associated with PCS symptom report. A comprehensive assessment improves 
differential diagnosis, which can ensure that treatment, if needed, is appropriately 
targeted. Therefore, better understanding the influence of assessment on symptom 
report can enhance functional outcome and reduce disability for patients with an 
mTBI. Taken together, the findings from this research program may improve the 
clinical management of mTBI by providing guidance on who might benefit most 
from targeted interventions that manage expectations, and by encouraging clinicians 
to carefully consider the ways that their assessment practices can influence symptom 
report.  
8.4 Strengths, Limitations, and Future Research Directions 
8.4.1 Strengths. The specific strengths and limitations of the individual studies 
have been detailed in their respective papers. This section draws together the overall 
strengths and common limitations of the research program. One of the strengths of 
this research is that it recruited nonreferred mTBI participants. Most studies in this 
area use referred samples, which by implication are typically symptomatic. The 
approach taken in this research program is in line with the advice of Vanderploeg 
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and colleagues (2006) who advocate for the use of epidemiologically based or 
nonreferred samples to understand the importance of factors that influence the 
relationship between mTBI and PCS. Despite this strength, it is possible that in 
Study 4, some of our participants may have self-selected into the study because of its 
perceived salience to them. Furthermore, although this research program did not 
specifically recruit participants from medical settings, it is possible that some 
participants may have had prior contact with such settings. Future research should 
take care to capture more detailed information about participants’ prior contact with 
medical professionals to better characterize study samples.  
The use of an unstandardized or unexplained definition of mTBI is a common 
methodological weakness of many studies (Carroll, Cassidy, Holm, et al., 2004). 
Another strength of this research program is that it used the WHO operational 
definition of mTBI (Carroll, Cassidy, Holm, et al., 2004) to inform the vignette 
development for studies 1 and 2 and the selection criteria for participants in studies 3 
and 4. This research program also included a measure of PTSD symptoms to 
acknowledge the potential co-morbidity of this condition in mTBI populations (Hoge 
et al., 2008). The self-report measures used in the studies also included an embedded 
symptom validity test, the mBIAS, to capture information about symptom 
exaggeration response styles. The importance of including embedded validity 
measures in standardized self-report tools is emphasized by some researchers (e.g., 
Iverson, Silverberg, et al., 2013; Vanderploeg et al., 2014). The inclusion of the 
mBIAS offers a significant advance over previous studies because it provides insight 
into whether participants were indiscriminately responding to the self-report 
measures. Furthermore, post-experimental manipulation checks were used in studies 
1 and 2 of the research program, as is recommended for simulation design by Rogers 
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(2008), and checks of satisficing (as per Oppenheimer et al., 2009) were included 
across all studies.  
8.4.2 Limitations. Despite the strengths of the research program, a number of 
limitations need to be acknowledged. Foremost, generalizability concerns were 
raised in each of the papers. The participants in this research program were 
predominantly young, educated university students, and the results of the thesis may 
not generalize to populations dissimilar to these samples. Additionally, the studies 
relied on self-report data that was collected using online questionnaires, and as such 
a number of caveats apply. For example, the injury histories were self-reported and 
not clinically verified. Therefore, it is possible that participants could have 
mischaracterised their injury history and been included in an unsuitable experimental 
condition. However, self-report data is often relied upon to meet many of the WHO 
mTBI diagnostic criteria (e.g., to establish the duration of posttraumatic amnesia) 
and it is solely relied upon for a diagnosis of postconcussional disorder according to 
the ICD-10. Another caveat is that the online mode of administration may have 
introduced other biases (e.g., depersonalization, reduced effort) or otherwise reduced 
the generalizability of the study. However, as stated above, checks of satisficing 
were utilized to offset concerns of reduced effort.  
A further limitation of this study is that the measurement of symptoms was 
unable to capture variability in participants’ responding. Symptom report is likely to 
fluctuate from day-to-day alongside other dynamic influential factors (e.g., stress; 
Gouvier et al., 1992). Therefore, the one-off assessment that occurred in this 
research program is unlikely to capture the complexity of individual variability of 
responding.  
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Studies 1 and 2 adapted an established MVA-related mTBI vignette to a 
sporting context. To minimize the differences between the MVA-related and Sport-
related mTBI vignettes, injury-related variables (e.g., duration of loss of 
consciousness and posttraumatic amnesia) were held constant. The cost of 
maintaining this experimental control was that the sport-related mTBI vignette 
describes an mTBI that is not representative of the majority of sport-related 
concussions, which typically only involve brief or no loss of consciousness. This 
limitation should be considered when interpreting participants’ expectations of a 
sport-related mTBI. It should also be noted that the non-standard administration of 
the NSI in studies 1 through 3, mean that the psychometric properties of this scale 
could differ from the properties established in other studies; therefore, comparisons 
to other published studies should be made cautiously.  
Overall, the approach taken in this research program was experimental; 
therefore, generalizability to clinical practice may be limited. For example, in the 
final two studies of the research program, assessment-related factors were examined 
under quasi-experimental conditions designed to mimic what might occur in a 
clinical assessment, and it is unknown how well the results generalize to real-world 
scenarios. However, the fourth study’s results support the findings of Iverson, 
Brooks, and colleagues (2010) who conducted a similar study in a clinical setting 
using an in-person interview. A further limitation is that this research program 
examined only a small selection of variables in each of the studies, but the combined 
effect of these variables in a single study was not explored. For example, it is likely 
that considering factors such as depression may moderate the relationship between 
assessment method and symptom report. 
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Finally, it could also be argued that the selection of the non-head-injured 
control groups used in this research program were a limitation. Without a trauma 
control group (e.g., orthopaedic and soft-tissue injury controls) it is difficult to 
separate out the influence of general trauma effects from brain injury. However, in a 
recent study, community control groups were found to be comparable to orthopaedic 
controls, such that the authors argued that the recruitment of the latter group offered 
no discernible advantages over a carefully recruited control group (Mathias, 
Dennington, Bowden, & Bigler, 2013).  
 8.4.3 Future research. Larger studies are needed to replicate the results of 
this research program. Such larger studies would allow covariates to be considered. 
Furthermore, the studies, particularly Study 3, require replication in different 
samples (e.g., professional contact-sport players, high school contact-sport players, 
and patients with different injury-related incentives, such as litigating patients) to 
examine whether the pattern of results found in this study hold. This research should 
be conducted to contribute to the existing empirical evidence from which statistical 
modeling can be based.  
It is suggested that future research needs to move toward conducting large 
scale prospective studies that consider multiple predictive factors of PCS symptom 
report. Studies that consider multiple factors are needed to understand which factors 
are the most important predictors of poor mTBI outcome. Prospective studies with 
large sample sizes could develop and test predictive models of PCS outcome in a 
range of samples (e.g., military, civilian, athletes) using multi-group structural 
equation modelling to provide these groups with an evidence based prognosis. Such 
studies could be used to empirically examine the appropriateness of generalizing to 
different samples and across injury causes. Comprehensively testing a model of PCS 
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is integral to understanding the relative importance of the factors that influence PCS, 
and the likely complex interactions amongst these. Such modelling will be 
informative for future development of targeted intervention strategies and 
individually tailored treatments for people who experience poor outcome from 
mTBI.  
8.5 Summary and Conclusions 
This research program provided an in depth examination of a selection of 
psychosocial factors that have been identified to influence outcomes from mTBI. 
This thesis demonstrated that depending on the sample, variables unrelated to 
trauma-induced physiological brain damage influence mTBI outcome expectations, 
and current and retrospective (premorbid) symptom report. This thesis has 
contributed to the literature by illustrating how different factors in the 
biopsychosocial conceptualization of outcome from mTBI (Iverson, Silverberg, et 
al., 2013) may operate differently in certain samples and that assessment practices 
can have a significant influence on the way that symptoms are reported by people 
with a history of mTBI(s).  
Overall, this research program provides further suggestive evidence that the 
report of persistent symptoms after an mTBI is influenced by psychosocial factors. 
These findings suggest that other etiological factors need to be considered when 
assessing PCS symptoms. The findings from this research program do not negate the 
potential influence of the injury itself, particularly in the acute phase, but add to the 
growing body of literature that emphasizes the importance of considering how 
factors unrelated to trauma-induced physiological brain damage may contribute to 
persistent symptom report and functional outcome after an mTBI. Given that these 
factors are potentially modifiable, future research should further refine our 
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understanding of the relative importance and interactions of these variables to help 
improve the management and assessment of persistent symptoms after mTBI.   
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Appendix A 
PhD Thesis by Published Papers 
Guidelines 
  
Introduction  
  
QUT’s Manual of Policies & Procedures (MOPP) D/5.3 and Doctor of Philosophy 
Course Regulations details the requirements for presentation of a thesis. Candidates 
considering preparing a Thesis by Published Papers should refer to these guidelines 
which provides details of requirements relating to the presentation of a Thesis by 
Published Papers.  
  
The PhD Course Regulations states:  
8.10 A PhD may be awarded on the basis of the submission of published 
papers, normally indicated in the Stage 2 submission. QUT permits the 
presentation of theses where such papers have been published, 
accepted or submitted during the period of candidature; and where the 
quality of such papers is approved by the faculty and Research 
Degrees Committee to be appropriate to PhD level research. 
Guidelines have been approved by the Research Degrees Committee 
which governs the format and presentation requirements of PhD theses 
by Published Papers.  
QUT permits the presentation of theses for the degree of Doctor of Philosophy in the 
format of published and/or submitted papers, where such papers have been 
published, accepted or submitted during the period of candidature; and where the 
quality of such papers is appropriate to PhD-level research. For the purpose of this 
Regulation, papers are defined as journal articles, book chapters, conference papers 
and other forms of written scholarly works which are subject to a process of peer 
review similar to that of refereed journals. Creative works are not included in this 
definition.  
  
Papers submitted as a PhD thesis must be closely related in terms of subject matter 
and form a cohesive research narrative.  
  
Offering this option, QUT is encouraging PhD candidates to publish papers during 
their candidature.  
  
A collation of unrelated papers would not be suitable and such papers not 
contributing to the main thrust of the thesis would at best be suitable for inclusion in 
an appendix.  
  
Some important points to consider  
 Discuss the option of thesis by published papers with your supervisor 
early. The idea of thesis presentation by published papers is not suited to 
all disciplines/topics/candidates. Some disciplines may favour one 
(large) conventional continuous thesis.  
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 The decision to undertake a thesis by published papers is most valuable 
to candidates concerned with the production of published papers. 
Consider the value of publications to your longer term 
career/employment goals.  
 The decision to present a thesis by published papers should be made 
early in the candidature, probably in the first year.  
 Publications of the candidate prepared prior to commencement of 
candidature are not acceptable.  
  
  
Format  
  
The thesis may be comprised of published papers, manuscripts accepted for 
publication, manuscripts submitted for publication or under review.  
  
The minimum number of papers and/or manuscripts is normally three. However, in 
some disciplines a larger number of papers is required to meet the expectations of 
scope and quality commensurate with PhD-level research. At least one paper must 
have been published, accepted, or be undergoing revision following refereeing. The 
faculty research committee is the source of appropriate advice to PhD candidates 
with respect to disciplinary norms in these matters.  
  
Where the papers have multiple authorship, the candidate must be principal author 
on at least two of the three papers and have written permission of the co-authors.  
  
In developing publications for inclusion the candidate and supervisor should 
consider the importance of the overall body of work that these works will represent 
and the contribution the combined body of work makes to the discipline.  
  
  
Content  
  
While acknowledging faculty/discipline variations the requirements related to 
content detailed in the PhD Regulations are:  
  
Normally, the thesis shall include the following in addition to the elements listed in 
QUT's Requirements for Presentation of Theses:  
• list of publications and/or manuscripts;  
• acknowledgments of joint authors and verification of 
permissions;  
• published papers and submitted manuscripts.  
  
Some of the elements of a standard thesis are likely to take a different form when 
presented in a thesis by published papers. The abstract summarises the main findings 
presented in each published paper or submitted manuscript and should indicate how 
the included works are tied to a coherent intellectual framework, and how, when 
considered together, they demonstrate a significant contribution to knowledge in the 
discipline.  
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The introduction should contain succinct statements under the following headings:  
• description of research problem investigated;  
• overall objectives of the study;  
• specific aims of the study; and  
• account of research progress linking the research papers.  
  
The account of research progress must link together the various papers submitted as 
part of the thesis. The intention of this Section is to provide continuity for the entire 
thesis so that the reader can move from one chapter to the next understanding the 
logic behind the progression of the research program.  
  
The literature review may replicate literature cited in subsequent chapters but must 
contain, in a form consistent with discipline norms, a critical review of relevant 
literature and other works, identification of knowledge gaps, and the relationship of 
the literature to the program of research.  
  
The conclusion for a thesis by published papers establishes the cumulative effect of 
the papers, the significance of the findings and the knowledge claim in the thesis.  
  
Published papers/papers submitted in the following categories may be included but 
each must be presented as an individual chapter in the thesis:  
• published papers;  
• manuscripts accepted for publication;  
• manuscripts submitted and under review by referees; and  
• manuscripts under revision following referees' reports.  
  
Only papers which have been published by or submitted to journals and publications 
approved by the faculty research committee are allowable under these guidelines. 
Short Communications and Letters are acceptable, but the bulk of the thesis should 
be made up of full length papers. A list of titles of publications recommended by 
faculties as being of a high quality standard appropriate for PhD-level research is 
published on the Research Students Centre website.  
  
Manuscripts which have been rejected by a publisher must not be included unless 
they have been substantially rewritten to address referees' comments as certified in 
the Final Seminar documentation.  
  
Each published paper or submitted manuscript must begin with a clear statement of 
the contribution made by each author of any jointly authored paper. The description 
must be sufficiently detailed to describe accurately the contribution of each author.  
   
Presentation  
  
The thesis must be presented in accordance with the requirements of the QUT 
Council, including any accompanying declarations and in accordance with the 
Requirements for Presenting Thesis available from the QUT website. This document 
requires that a final bound copy and an electronic copy of the thesis will normally be 
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provided to the Research Students Centre when all corrections have been finalised 
and approved by the relevant Faculty nominees. Normally, nominees would be the 
Principal Supervisor and Head of School but may, also at the Faculty's discretion, 
include others.  
  
  
Examination Process  
  
All theses must be presented for examination.  The successful publication of articles 
will not render the work exempt from examination.  Because the publications are 
examined as part of a larger work it is possible for reviewers of individual papers to 
be invited to comment as external examiners.  
  
The introduction and conclusion will be important in ensuring that the individual 
publications that make up the thesis can be viewed by the examiners as a cohesive 
whole. If the published papers do not have a clear cohesion, then the thesis is likely 
to be rejected. The introduction, conclusion and bridging sections between 
publications do not have to be publications in their own right.  
  
Bear in mind that the objective is to encourage publication; a thesis composed 
largely of submitted manuscripts is likely to be attacked from two sides, the journal 
referees and the PhD examiners with resultant difficulties in contradictory advice 
and criticisms.  
  
  
Useful Website Resources  
  
• QUT Code of Conduct for Research (including sections of Publication 
and dissemination of research findings and authorship) -  
http://www.mopp.qut.edu.au/D/D_02_06.jsp   
• QUT Copyright Guide - http://www.tils.qut.edu.au/copyrightguide/      
• Research Students Centre wiki - 
https://wiki.qut.edu.au/display/pdpla/Research+Students+Centre+[RSC]   
• MOPP - http://www.mopp.qut.edu.au/  
• E-Prints - http://eprints.qut.edu.au/  
 
  
PERSISTENT SYMPTOM REPORT AFTER MTBI             245                        
 
Appendix B 
mTBIMVA vignette  
 
 
 
Car accidents are a fact of life and can happen to anyone. We are interested 
in your opinion of how such an accident might affect your ability to do everyday 
things. We would like you to imagine that you were driving about six months ago.  
When you were stopped at the traffic lights, another car hit your car. You hit your 
head on the steering wheel. You lost consciousness for about 15 minutes. You awoke 
spontaneously; without being woken by others. Thirty minutes after you awoke you 
were able to speak and follow conversations normally.  For example, you were able 
to tell others your name and the date.  You had complete control over the movement 
of your arms and legs.  You were taken to hospital and stayed overnight for 
observation. You found it difficult to recall the accident and the events that occurred 
straight after it. But, you had a clear memory of the events that occurred at the 
hospital later that day. 
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Appendix C 
mTBISport vignette 
 
Getting knocked out or dazed when playing sport can happen to anyone.  We 
are interested in your opinion how such an incident might affect your ability to do 
everyday things. We would like you to imagine that you were playing sport about six 
months ago. During the game you collided with another player. You lost 
consciousness for about 15 minutes. You awoke spontaneously; without being 
woken by others. Thirty minutes after you awoke you were able to speak and follow 
conversations normally. For example, you were able to tell others your name and the 
date. You had complete control over the movements of your arms and legs.  You 
were taken to hospital and stayed overnight for observation. You found it difficult to 
recall events that occurred immediately after the incident and the events that 
occurred straight after it (such as who won the competition). But, you had a clear 
memory of events that occurred at the hospital later that day12. 
 
 
 
  
                                                 
12 Note. The underlined text indicates where changes were made from the original MTBIMVA vignette 
to manipulate injury cause.  
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Appendix D 
Neurobehavioral Symptom Inventory 
 
Symptoms None Mild Moderate Severe Very 
Severe 
1. Feeling Dizzy 
 0 1 2 3 4 
2. Loss of balance 
 0 1 2 3 4 
3. Poor coordination, clumsy 
 0 1 2 3 4 
4. Headaches 
 0 1 2 3 4 
5. Nausea 
 0 1 2 3 4 
6. Vision problems, blurring, trouble 
seeing 0 1 2 3 4 
7. Sensitivity to light 
 0 1 2 3 4 
8. Hearing difficulty 
 0 1 2 3 4 
9. Sensitivity to noise 
 0 1 2 3 4 
10. Numbness or tingling on parts of 
my body 0 1 2 3 4 
11. Change in taste and/or smell 
 0 1 2 3 4 
12. Loss of appetite or increased 
appetite 0 1 2 3 4 
13. Poor concentration, can’t pay 
attention, easily distracted 0 1 2 3 4 
14.Forgetfulness, can’t remember 
things 0 1 2 3 4 
15. Difficulty making decisions 
 0 1 2 3 4 
16. Slowed thinking, difficulty 
getting organised, can’t finish things 0 1 2 3 4 
17.Fatigue, loss of energy, getting 
tired easily 0 1 2 3 4 
18.Difficulty falling or staying asleep 0 1 2 3 4 
19.Feeling anxious or tense 
 0 1 2 3 4 
20.Feeling depressed or sad 
 0 1 2 3 4 
21.Irritability, easily annoyed 
 0 1 2 3 4 
22.Poor frustration tolerance, feeling 
easily overwhelmed by things 0 1 2 3 4 
 
  
PERSISTENT SYMPTOM REPORT AFTER MTBI             248                        
 
Appendix E 
PTSD Checklist-Civilian Version 
Symptoms Not 
at all 
A little 
bit 
Moderately Quite 
a bit 
Extremely 
1. Repeated, disturbing memories, 
thoughts, or images of a stressful 
experience from the past?  
1 2 3 4 5 
2. Repeated, disturbing dreams of 
a stressful experience from the 
past? 
1 2 3 4 5 
3. Suddenly acting or feeling as if 
a stressful experience were 
happening again (as if you were 
reliving it)? 
1 2 3 4 5 
4. Feeling very upset when 
something reminded you of a 
stressful experience from the past? 
1 2 3 4 5 
5. Having physical reactions (e.g., 
heart pounding, trouble breathing, 
or sweating) when something 
reminded you of a stressful 
experience from the past? 
1 2 3 4 5 
6. Avoid thinking about or talking 
about a stressful experience from 
the past or avoid having feelings  
related to it?  
1 2 3 4 5 
7. Avoid activities or situations 
because they remind you of a 
stressful experience from the past?  
1 2 3 4 5 
8. Trouble remembering important 
parts of a stressful  
experience from the past? 
1 2 3 4 5 
9. Loss of interest in things that 
you used to enjoy?  1 2 3 4 5 
10. Feeling distant or cut off from 
other people?  1 2 3 4 5 
11. Feeling emotionally numb or 
being unable to have loving 
feelings for those close to you?  
1 2 3 4 5 
12. Feeling as if your future will 
somehow be cut short? 1 2 3 4 5 
13. Trouble falling or staying 
asleep?  1 2 3 4 5 
14. Feeling irritable or having 
angry outbursts? 1 2 3 4 5 
15. Having difficulty 
concentrating? 1 2 3 4 5 
16. Being “super alert” or watchful 
on guard?  1 2 3 4 5 
17. Feeling jumpy or easily 
startled?  1 2 3 4 5 
Appendix F 
Mild Brain Injury Atypical Symptoms Scale 
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Symptoms None Mild Moderate Severe Very 
Severe 
1. Being unable to hear anything 
(complete deafness) for periods 
of time?   
1 2 3 4 5 
2. Seeing only in black and 
white?  1 2 3 4 5 
3. Completely losing your voice 
for more than a minute? 1 2 3 4 5 
4. Complete loss of feeling in 
both arms?  1 2 3 4 5 
5. Difficulty swallowing due to a 
lump in throat?  1 2 3 4 5 
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Appendix G 
Integrated NSI/PCL-C/mBIAS 
 
  Not  
at all 
A 
little  
bit 
Moderately Quite  
a bit 
Extremely
1. Feeling dizzy 1 2 3 4 5 
2. Sensitivity to light 1 2 3 4 5 
3. 
Feeling emotionally numb or being 
unable to have loving feelings for those 
close to you 
1 2 3 4 5 
4. Being "super alert" or watchful on guard 1 2 3 4 5 
5. Having difficulty concentrating 1 2 3 4 5 
6. Repeated, disturbing dreams of a stressful experience from the past 1 2 3 4 5 
7. Being unable to hear anything (complete deafness) for periods of time 1 2 3 4 5 
8. Numbness or tingling on parts of my body 1 2 3 4 5 
9. Feeling anxious or tense 1 2 3 4 5 
10. Trouble remembering important parts of a stressful experience from the past 1 2 3 4 5 
11. Sensitivity to noise 1 2 3 4 5 
12.
Repeated, disturbing memories, 
thoughts, or images of a stressful 
experience from the past 
1 2 3 4 5 
13. Completely losing your voice for more than a minute 1 2 3 4 5 
14.
Feeling very upset when something 
reminded you of a stressful experience 
from the past 
1 2 3 4 5 
15. Trouble falling or staying asleep 1 2 3 4 5 
16. Vision problems, blurring, trouble seeing 1 2 3 4 5 
17.
Having physical reactions (e.g., heart 
pounding, trouble breathing, or 
sweating) when something reminded 
you of a stressful experience from  
the past 
1 2 3 4 5 
18. Forgetfulness, can’t remember things 1 2 3 4 5 
19. Difficulty swallowing due to a lump in throat 1 2 3 4 5 
20. Feeling as if your future will somehow be cut short 1 2 3 4 5 
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  Not  
at all 
A 
little  
bit 
Moderately Quite  
a bit 
Extremely
21. Irritability, easily annoyed 1 2 3 4 5 
22.
Avoid activities or situations because 
they remind you of a stressful 
experience from the past 
1 2 3 4 5 
23. Fatigue, loss of energy, getting tired easily 1 2 3 4 5 
24. Poor frustration tolerance, feeling easily overwhelmed by things 1 2 3 4 5 
25. Poor coordination, clumsy 1 2 3 4 5 
26. Loss of balance 1 2 3 4 5 
27. Change in taste and/or smell 1 2 3 4 5 
28. Hearing difficulty 1 2 3 4 5 
29. Nausea 1 2 3 4 5 
30. Feeling irritable or having angry outbursts 1 2 3 4 5 
31. Feeling distant or cut off from other people 1 2 3 4 5 
32. Poor concentration, can't pay attention, easily distracted 1 2 3 4 5 
33. Seeing only in black and white 1 2 3 4 5 
34.
Suddenly acting or feeling as if a 
stressful experience were happening 
again (as if you were reliving it) 
1 2 3 4 5 
35. Loss of interest in things that you used to enjoy 1 2 3 4 5 
36. Slowed thinking, difficulty getting organized, can't finish things 1 2 3 4 5 
37. Feeling jumpy or easily startled 1 2 3 4 5 
38. Feeling depressed or sad 1 2 3 4 5 
39. Difficulty falling or staying asleep 1 2 3 4 5 
40. Complete loss of feeling in both arms 1 2 3 4 5 
41.
Avoid thinking about or talking about a 
stressful experience from the past or 
avoid having feelings related to it 
1 2 3 4 5 
42. Loss of appetite or increased appetite 1 2 3 4 5 
43. Difficulty making decisions 1 2 3 4 5 
44. Headaches 1 2 3 4 5 
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Appendix H 
Illness Perception Questionnaire-Revised 
(Timeline and Consequences subscales) 
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38 My injury will have major consequences on my life. 1 2 3 4 5 
39 
My injury is likely to be permanent rather than 
temporary. 1 2 3 4 5 
40 My injury will last for a long time. 1 2 3 4 5 
41 
My injury will cause difficulties for those who are 
close to me 1 2 3 4 5 
42 I expect to have this injury for the rest of my life. 1 2 3 4 5 
43 My injury will improve in time.  1 2 3 4 5 
44 My injury is a serious condition. 1 2 3 4 5 
45 My injury will not have much effect on my life. 1 2 3 4 5 
46 This injury will pass quickly. 1 2 3 4 5 
47 My injury will strongly affect the way others see me. 1 2 3 4 5 
48 My injury will have serious financial consequences. 1 2 3 4 5 
49 My injury will last a short time. 1 2 3 4 5 
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Appendix I 
Postexperimental Questionnaire 
 
1. Did you understand the instructions provided in this study? 
 Yes  
 No 
2. Please briefly explain what you were required to do in this experiment? 
_______________________________________________________________ 
_______________________________________________________________ 
_______________________________________________________________ 
_______________________________________________________________ 
3. In the story, how long did the character lose consciousness for? 
 2 hours. 
 15 minutes. 
 The character did not lose consciousness. 
4. In the story, how long did the character stay in hospital?  
 The character was discharged that day. 
 The character stayed overnight for observation. 
 The character stayed in hospital for two weeks. 
5. In the story, what was the character’s memory recall like after the accident?  
 The character maintained a clear memory of the events. 
 The character had difficulty recalling events directly after the accident, but a 
clear memory of events at hospital later that day. 
 The character had no memory for events up to three days after the accident. 
6. Did you forget to put yourself in the position of the character described in the 
accident while answering any of the symptom items?  
 Yes  
 No 
 
 
 
